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PREFACE. 


G-illbspie's  "  ZAnd-SnrTeyiDg  "  was  first  printed  in  1851,  for 
use  in  ProfesGor  Gillespie's  classes  in  Union  College.  It  was 
published  in  1855,  and  very  soon  became  the  standard  aathority 
on  land-snrveying. 

In  the  preface  to  the  first  edition  Professor  Gillespie  says : 

"  Land-surveying  is  perhaps  the  oldest  of  the  mathematical 
arts.  Indeed,  geometry  itself,  as  its  name — 'land-measuring' 
— implies,  is  said  to  have  arisen  from  the  efforts  of  the  Egyp- 
tian sages  to  recover  and  to  fix  the  landmarks  annually  swept 
away  by  the  inundations  of  the  Nile.  The  art  is  also  one  of 
the  most  important  at  the  present  day,  as  determining  the  title 
to  land,  the  foundation  of  the  whole  wealth  of  the  world.  It 
is,  besides,  oue  of  the  most  nsefal  as  a  study,  from  its  striking 
exemplification e  of  the  practical  bearings  of  abstract  mathemat- 
ics. But,  strangely  enough,  surveying  has  never  yet  been  re- 
duced to  a  systematic  and  symmetric  whole.  To  effect  this,  by 
basing  the  art  on  a  few  simple  principles  and  tracing  them 
out  into  their  complicated  ramifications  and  varied  applications 
(which  extend  from  the  measurement  of  'a  mowing -lot'  to 
that  of  the  heavens),  has  been  the  earnest  endeavor  of  the 
present  writer. 

"  The  work,  in  its  inception,  grew  ont  of  the  author's  own 
needs.  Teaching  surveying,  as  preliminary  to  a  course  of  civil 
engineering,  he  found  none  of  the  books  in  use  (though  very 
excellent  in  many  respects)  suited  to  his  purpose.  He  was, 
therefore,  compelled  to  teach  the  subjed;  by  a  combination  of 
familiar  lectures  on  its  principles  and  exemplificationa  of  its 
practice.  His  notes  continually  swelling  in  bulk,  gradually  be- 
came systematized  in  nearly  their  present  form.  His  system  has 
thus  been  fully  tested,  aud  the  present  volume  is  the  result 
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"A  double  object  has  been  kept  in  view  in  its  preparation  : 
viz.,  to  produce  a  very  pkiu  introduction  to  tlie  subject,  easy  to 
be  mastered  by  tlie  young  scbolar  or  the  practical  man  of  little 
previous  acquirement,  tlie  only  prerequisites  being  aritlinietic 
and  a  little  geometry  ;  and  at  the  same  time  to  make  the  instruc- 
tion of  such  a  character  a^  to  lay  a  foundation  tiroad  enough  and 
deep  enough  for  the  most  complete  superstructure  which  the 
profcEsionat  student  may  subsequently  wish  to  raise  upon  it." 

In  the  preface  to  the  "  Land-Survejing,"  Professor  Gilli'spie 
announced  that  another  volume,  on  "Leveling  and  Higher  Sur- 
veying," was  to  follow.  This  work  was,  at  the  time  of  his  deatli 
in  1868,  naUnished.  It  was  completed  by  the  writer  and  pub- 
lished in  1870. 

The  two  volumes,  "Land-Surveying"  and  "Leveling  and 
Higher  Surveying,"  were  revised  and  united  in  one  volume 
in  1887. 

The  rapid  development  of  technical  schools,  and  the  demand 
for  a  more  complete  treatment  of  higher  surveying  for  the  use 
of  students,  have'  made  it  necessary  to  considerably  enlarge  the 
more  advanced  part  of  the  work.  As  this  will  very  much  in- 
crease the  size  of  the  book,  and  as  this  advanced  work  is  not 
needed  in  the  preparatory  schools,  and  in  colleges  where  only  a 
limited  amount  of  surveying  is  taught,  it  has  l>een  deemed  best 
to  publish  the  work  in  two  separate  parts.  Part  I — plane  sur- 
veying— will  include  land-surveying  and  direct  leveling;  and 
Part  II— higher  surveying — will  inclade  ttiangolar  surveying, 
geodesy,  trigonometric  leveling,  barometric  leveling,  and  precise 
leveling,  topography,  field  astronomy,  hydrographical  surveying, 
mining  surveying,  city  surveying,  and  other  special  topics. 

By  this  arrangement  tliose  who  desire  only  the  land-survey- 
ing and  direct  leveling  can  have  it  separately,  and  those  who 
wish  to  include  the  more  advanced  work  can  add  Part  II. 

The  best  authorities  have  been  consulted  in  order  to  render 
the  work  as  reliable  as  possible. 

The  writer  is  under  obligations  to  many  friends  for  assistance 
in  the  work  of  revision.  Their  names  will  be  noted  in  connec- 
tion with  their  contributions.  C&dt  Stalky. 
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PART  I. 
LAND-SURVEYING. 


CHAPTER  L 

OENXRAL  FSIffCIFLES  AKD  FUNDAMENTAL   OPSSATIOI/a. 

DBFlHITIOmt  AND  HBTHODS. 

1.  ScRTEYiHQ  IB  tfae  art  of  making  such  measiiremente  aa  will 
determine  the  relative  positions  of  any  points  on  tho  surface  of  the 
earth  ;  so  that  a  Map  of  an;  portion  of  that  surface  may  be  drawn, 
and  its  Content  calculated. 

2.  The  position  of  a  point  is  eatd  to  be  determined,  when  it  is 
known  bow  far  that  point  is  from  one  or  more  given  points,  and 
in  what  direction  therefrom ;  or  how  far  it  is  in  front  of  them  or 
behind  them,  and  how  far  to  their  right  or  to  their  left,  etc. ;  so 
that  the  place  of  the  first  point,  if  lost,  could  be  again  fonnd  b; 
repeating  these  meaaarements  in  the  contrary  direction. 

The  "  points  "  which  are  to  be  determined  in  Surveying  are  not 
the  mathematical  points  treated  of  in  Geometry,  bnt  the  comers 
of  fences,  boundary  stoDes,  trees,  and  the  like,  which  are  mere 
points  in  comparison  with  the  extensive  surfaces  and  areas  which 
ihcy  are  the  means  of  determining.  In  strictness,  their  centers 
should  be  regarded  as  the  points  alluded  to. 

A  straight  Line  is  "determined,"  that  is,  has  its  length  and 
its  position  known  and  fixed,  when  the  points  at  its  extremities 
are  determined  ;  and  a  plane  Surface  has  its  form  and  dimensions 
determined  when  the  lines  which  boand  it  axe  determined.  Con- 
sc^nently,  the  determination  of  the  relative  positions  of  points  is 
all  that  is  necessary  for  tho  prinoipiO  objects  of  Surveying  ;  which 


byGoogIc 


2  LASD-SUE  VErHfO. 

are  to  make  a  map  of  auy  surface,  sQch  as  a  field,  farm,  State,  etc., 
and  to  calculate  its  content  in  stjuare  feet,  acres,  or  square  miles. 
The  former  is  an  ajiplication  of  Drafting,  the  latter  of  Mensuration. 
The  position  of  a  point  maj  be  detcrmiued  by  a  variety  of 
methods.  Those  most  frequently  employed  in  iSurrejing  arc  the 
following— all  the  points  being  supposed  to  be  in  the  same  plane  : 

8.  Pint  Xethod.  By  measuring  the  distances  from  the  required 
point  to  two  given  points. 

Thus,  in  Fig.  1,  the  point  S  is  "  determined,"  if  it  is  known  to 

tia.  1.  be  one  inch  from  A,  and  half  an  inch  from 

^?-o  B  ;  for  its  place,  if  lost,  could  be  found  by 

.^■^       \        dGctifibing  two  arcs  of  circles,  from  A  and  B 

^  ^.-^ \      as  centers,  and  with  the  given  distances  as 

radii.  The  required  point  would  be  at  the 
intersection  of  these  arcs. 

In  applying  this  priuctple  in  surTeying,  S  may  represent  any 
station,  such  as  a  corner  of  a  field,  iin  angle  of  a  fence,  a  tree,  a 
house,  ete.  If,  then,  one  corner  of  a  field  be  100  feet  from  a  second 
comer,  and  60  feet  from  a  third,  the  place  of  the  first  corner  is 
known  and  determined  with  reference  to  the  other  two. 

There  will  be  two  points  fulfilling  this  condition,  one  on  each 
side  of  the  given  line,  but  it  will  always  be  known  which  of  them 
is  the  one  desired. 

In  Qeography,  this  principle  is  employed  to  indicate  the  po- 
sition  of  a  town  ;  as  when  we  say  that  Buffalo  is  distant  (in  a 
straight  line)  295  miles  from  !New  York,  and  390  from  Cincinnati, 
and  thus  convey  to  a  stranger  acquainted  with  only  the  last  two 
places  a  correct  idea  of  the  position  of  the  firat. 

In  Analytical  Qeometry,  the  lines  AS  andBS  are  known  as 
"  Focal  Co-ordinates,"  the  general  name  "  co-ordinates  "  being  ap- 
plied te  the  lines  or  angles  which  determine  the  position  of  a  point 

1.  Second  Xethod.  By  measuring  the  perpendicular  distance 
from  the  required  point  to  a  given  line,  and  the  distance  thence 
along  the  lirte  to  a  given  point. 

Thus,  in  Fig.  3,  if  the  perpendicular  distance  S  G  be  half  an 
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DEFIXJTWys  AND  METHODS.  S 

inch,  and  C  A  be  one  inch,  the  point  S  is  "  determined  "  ;  for  ita 
place  could  be  again  found  by  measuring  one  inch  from  A  to  C, 
and  half  an  inch  from  C,  at  rigbt  angles  to  pio.  s. 

AC,  which  vould  fix  the  point  S. 

The   public    lands   of    the  XJnited   States 

are  laid  out  by  this   method,  ae  will   be  ex-   

plained  in  Chapter  VII.  * 

In  Qeogrephy,  this  principle  is  employed  under  the  name  of 
Latitude  and  Longitude. 

Thus,  Philadelphia  is  one  degree  and  fifty-two  miuntes  of  lon- 
gitude east  of  Washington,  and  one  degree  and  three  minutee  of 
latitude  north  of  it 

In  Analytical  Geometry,  the  lines  A  C  and  C  S  are  known  as 
"Rectangular  Co-ordinaten."  The  point  is  there  regarded  as  de- 
termined by  the  intenection  of  two  lines,  drawn  parallel  to  two 
fixed  lines,  or  "Axes,"  and  at  a  given  distance  from  them.  These 
Axes,  in  the  present  figure,  woald  be  the  line  A  C,  and  another 
line,  perpendicular  to  it  and  passing  through  A,  as  the  origin. 

5.  Third  Krtfaod.     By  measuring   ike   angle  between  a  given 

line  and  a  line  drawn  from  any  given  point 

Sn  "/  *'   i°  'A^  reguired  point;  and  also  the 

^.--^  length  of  this  latter  line. 

..'■''^  Thus,  in  Fig.  3,  if  we  know  the  angle 

^.^ B    B  A  8  to  be  a  third  of  a  right  angle,  and 

AS  to  be  one  inch,  the  point  S  is  deter- 
mined ;  for  its  place  could  be  found  by  drawing  from  A,  a  line 
making  the  giren  angle  with  A  B,  and  measuring  on  it  the  given 
distance. 

In  applying  this  principle  hi  surveying,  8,  as  before,  may  rep- 
resent any  station,  and  the  line  A  B  may  be  a  fence,  or  any  other 
real  or  imaginary  line. 

In  "  Compass  Surveying,"  it  is  a  north>and>south  line,  the 
direction  of  which  is  given  by  the  magnetic  needle  of  the  compass. 
In  Geography,  this  principle  is  employed  to  determine  the  rela- 
tive positions  of  places,  by  "  bearings  and  distances  " ;  as  when 
we  say  that  San  FranciBCO  is  1,750  miics  nearly  due  west  from  St 
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4  LAKD-SURVBTTNO. 

Lonis  ;  the  word  "  west"  indicating  the  direction,  or  angle  which 
the  line  joining  the  two  places  makes  with  a  north-and-sonth  line, 
and  the  number  of  miles  giving  the  length  of  that  line. 

In  Analytical  Qemnetry,  tbe  line  AS,  and  the  angle  BAS,  ar^ 
called  "  Polar  Co-ordinates." 

6.  Fonitll  JCethod.  By  measuring  the  angles  made  with  a 
given  line  by  two  other  lines  starting  from  given  points  upon  it, 

and  passing  through  the  required  point. 
S  Thns,  in  Fig.  4,  the  point  S  is  det«r^ 

^■■■"  \         mined  by  being  in  the  intersection  of  the 
■^  two  lines  A  S  and  BS,  which  make  respect- 

^ \  irel;  angles  of  a  half  and  of  a  third  of  a 

right  angle  with  the  line  A  B,  which  is  one 
inch  long ;  tor  the  place  of  the  point  conld  be  fonnd,  if  lost,  by 
drawing  from  A  and  B  lines  making  with  A  B  the  known  angles. 
In  Geography,  we  might  thus  fis  the  position  of  St.  Lonis,  by 
saying  it  lay  nearly  dae  north  from  New  Orleans,  and  due  west 
from  Washington. 

In  AnalyticcU  Geometry,  these  two  angles  would  be  called 
"Angular  Co-ordinates." 

7.  In  Fig.  6  are  shown  together  all  the  measarementa  neoes- 
sary  for  determining  the  same  point  S,  by  each  of  the  four  pre- 
ceding  methods.     In  the  First  Method, 

R  e  measure  the  diatancea  A  S  and  B  S  ;  in  ^^  "" 

the  Second  Method,  the  distances  AC  and 
0  S,  the  latter  at  right  angles  to  the 
'ormer ;  in  the  TTiird  Method,  the  dis- 
tance A  S,  and  the  angle  SAB;  and,  in 

the  Fourth  Method,  the  angles  8  A  B  and  S  B  A.  In  all  these 
methods  the  point  is  really  determined  by  the  intersection  of  two 
linea,  either  straight  lines  or  arcs  of  circles.  Thus,  in  the  First 
Method,  it  is  determined  by  the  intersection  of  two  circles;  in 
the  Second,  by  the  intersection  of  two  straight  lines  ;  in  the 
Third,  by  the  intersection  of  a  straight  line  and  a  circle  ;  and,  is 
the  Fourth,  by  the  intersection  of  two  straight  lines. 
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8.  mth  Kethod.  By  mmsv.ring  the  angles  made  with  each 
other  by  three  lines  of  sight  passing  from  the  required  point  to 
three  points  whose  positions  are  known. 

Thna,  in  Fig.  6,  the  point  S  is  determined  by  the  angles  A  S  B 
and  B  S  C,  made  by  the  three  lines  S  A,,  y,^  g_ 

SB,  and  SC. 

Qeographicaily,  the  poeitioD  of  Chi- 
cago would  be  determined  by  three  straight 
lines  passing  from  it  to  Washington,  Cin- 
cinnati, and  Mobile,  and  making  known 
angles  with  each  other ;  that  of  the  first 
and  second  lines  being  about  one  third, 
and  that  of  the  second  and  third  lines,  about  one  half  of  a  right 
angle. 

From  the  three  lines  employed,  this  may  be  named  the  Method 
of  Trilinear  Co-ordinates, 

8.  The  position  of  a  point  is  sometimes  determined  by  the 

intersection  of  two  lines,  which  are  themselves  determined  by  their, 

J.     »  extremities  being  given.    Thus,  in  Fig.  7, 

the  point  S  is  determined  by  its  being  sit- 

nated  in  the  intersection  of  A  B  and  C  D. 

This  method  is  sometimes  employed  to  fix 

,  the  position  of  a  station  on  a  railroad  line, 

etc.,  when  it  occurs  in  a   place  where  a 

stake  can  not  be  driven,  sach  aa  in  a  pond, 

and  in  a  few  other  cases,  but  is  not  used  fre<iuently  enough  to 

reqnire  that  it  should  be  called  a  sixth  principle  of  Surveying. 

10.  These  five  methods  of  determining  the  jxisitionE  of  points 
produce  five  corresponding  systems  of  Surveying,  which  may  be 
named  as  follows : 

I.  Diagonal  Surtetino. 
IL  Perpendicular  Surveying 
HI.  Polar  Survbtiko. 
IV.  Triangular  Surveying. 
V.  Trilinear  Surveying. 
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6  tAND-SVSVETISO. 

The  above  diTisioD  of  Surreying  has  beeu  made  in  harmonjr 
vitb  the  prinoiples  iDvoWed  sod  the  methods  employed. 

The  enbject  is,  however,  Bometimes  divided  with  reference  to 
the  instruments  employed  ;  as  the  chain,  either  alone  or  with 
cro88-8ta&:  the  compass;  the  transit  or  theodolite;  the  scxt&nt; 
the  plane-tshle,  etc. 

11.  Surveying  may  also  be  divided  according  to  its  objects. 

In  Land  Surveying,  the  content,  in  acres,  etc.,  of  the  tract 
surveyed,  is  asually  the  principal  object  of  the  snrvey.  A  map, 
showing  the  shape  of  the  property,  may  also  be  required.  Certain 
signs  on  it  may  indicate  the  different  kinds  of  culture,  etc.  This 
land  may  also  be  repaired  to  be  divided  up  in  certain  proportions  ; 
and  the  lines  of  division  may  also  be  required  to  be  set  ont  on  the 
gronnd.  One  or  all  of  tlicse  objects  may  be  demanded  in  Land 
Surveying. 

In  Topographicai  Surveying,  the  measurement  and  graphical 
representation  of  the  inequalities  of  the  ground,  or  its  "relief," 
i.  e.,  its  hills  and  hollows,  as  determined  by  the  art  of  "Level- 
ling," is  the  leading  object. 

In  Maritime  or  Hydrographical  Surveying,  the  positions  of 
rocks,  shoals,  and  channels  are  the  chief  subjects  of  examination. 

In  Mining  Surveying,  the  directions  and  dimensions  of  the 
Biibt«rraiieaa  passages  of  mines  are  to  be  determined. 

IS,  Surveying  may  also  be  divided  according  to  the  extent  of 
the  district  surveyed  into  Plane  and  Oeodeaic.  Geodesy  takes  into 
account  the  curvature  of  the  earth,  and  employH  Spherical  Trigo- 
nometry. Plane  Surveying  disregards  this  curvature,  as  a  need- 
less refinement  except  in  very  extensive  surveys,  such  as  those  of  a 
State,  and  considers  the  surface  of  the  earth  as  plane,  which  may 
safely  be  done  in  surveys  of  moderate  extent 

13.  In  all  the  methods  of  Land  Surveying,  there  are  three 
stages  of  operation : 

1.  Measuring  certain  lines  and  angles,  and  recording  them ; 
3.  Drawing  them  on  paper  to  some  suitable  scale  ; 
3.  Calculating  the  content  of  the  surface  surveyed. 
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ICAKIXrO  THE  HBAaTTBEHENTS. 

14.  "iho' Measurements  which  are  required  in  Survejiiig  ma; 
be  of  liaes  or  of  aogles,  or  of  both,  accordiug  to  the  Method  em- 
ployed.    Each  will  be  successively  considered. 

MeBSUiing  Straight  Lines. 

15.  The  lines,  or  diatauces,  which  are  to  be  measured,  may  be 
either  actual  or  visual. 

Actual  lines  are  such  as  really  exist  on  the  surface  of  the  land 
to  be  surveyed,  either  bounding  it,  or  crossing  it ;  such  as  fences, 
ditches,  roads,  streams,  etc. 

Visual  lines  are  imaginary  lines  of  sight,  either  temporarily 
measured  on  the  ground,  such  as  those  joining  op)K>site  comers  of 
a  field  ;  or  simply  indicated  by  stakes  at  their  extremities  or  other- 
wise.    If  long,  they  are  "ranged  out"  by  methods  to  be  given. 

Lines    are  usually  Fia.  s. 

measured  with  chains, 
tapes,  or  rods,  divided 
into  yards,  feet,  links, 
or  some  other  nuit  of 
neasurement. 

16.  Onnter'i  Chaia. 
This  is  the  measure 
most  commonly  used 
in  Land  Surveying. 
It  is  66  feet,  or  1  rods 
long.*  Eighty  such 
chains  make  one  mile. 

It  is  composed  of 
one  hundred  pieces  of    I 
iron   or  steel  wire,  or 
links,  each  bent  at  the  end  into  a  ring,  and  connected  with  the 

*  This  length  was  chosen  (bj  Hr.  Edward  Gunler)  because  10  square  dtaiDB  of  86 
bet  Diiike  one  acre,  and  ibe  compulation  of  areas  la  (hus  greatlj  facilitated.  For 
other  surrejinfi  purposes,  porilcularly  for  nttlroad  worb,  a  chain  of  100  feet  \t  pr«t- 
erabte.  On  the  Unit«d  States  Cunsl  and  Geodetic  Bnrve;  the  uni 
die  FrGoeb  Mtlrt,  equal  to  S-2S1  feet  miarly. 
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ring  at  the  end  of  tho  nexr  piece  by  another  ring.  Sometimes  two 
or  three  rings  ore  placed  between  the  links.  The  cbain  is  then  less 
liable  to  twist  and  get  entangled  or  "kioked."  Two  or  more 
Bwivela  ore  also  inserted  in  the  chain,  so  that  it  may  tnm  around 
without  twisting.  Every  tenth  link  is  marked  by  a  piece  of  brass, 
having  one,  two,  three,  or  four  points,  corresponding  to  the  number 
of  tens  which  it  marks,  coanting  from  the  nearest  end  of  the  chain.* 
The  middle  or  fiftietli  link  is  tnarked  by  a  round  piece  of  brass. 

The  hundredth  part  of  a  chain  is  called  a  link.f  The  great 
advantage  of  this  is  that,  since  links  are  decimal  parts  of  a  chain, 
they  may  be  so  written  down,  5  chains  and  13  links  being  5*43 
chains,  and  all  the  calcalations  reajiecting  chains  and  links  can 
then  be  performed  by  the  common  rules  of  decimal  arithmetic. 
Each  link  is  7*93  inches  long,  being  =  66  X  12  -i- 100. 

The  following  table  will  be  found  convenient : 


o-oi 

086 

0-02 

1-3S 

0  03 

1-98 

0-04 

2-64 

0'06 

3'30 

0-08 

Site 

0117 

4'sa 

B'SS 

009 

0-94 

O'lO 

G60 

020 

laao 

0-30 

1»'90 

0-40 

2a4i) 

OBO 

8300 

39-80 

0-70 

46  20 

0-80 

D2-S<t 

0-VU 

69-40 

1-00 

66-00 

NTO 

ratr 

1    Chiliu. 

?-». 

1     1-no 

■6- 

182' 
198- 

I  J 

7 

864- 
880- 
896- 
462- 

S 
9 

028- 
894- 

10- 

860- 

I    80- 

1830- 

1980- 

,    41)- 

2840- 

BO- 

8800- 

'    80- 

3960- 

,    70- 

4620- 

'    80- 

S290- 

ttO- 

6940- 

100- 

6600- 

FELT  INTO  LINKS. 

Pert. 

UnkL 
"O^IB 

F«t 

Llntt 

0-10 

10 

16-2 

0-20 

0-30 

11 

ia-7 

0-26 

0-38 

2< 

30-8 

0-30 

o-4a 

!( 

87-9 

0'40 

0-60 

81 

40-4 

0-76 

81 

BOO 

fl-fll) 

091 

SI 

BS-0 

010 

1-06 

4( 

80-6 

0-76 

lis 

41 

68-2 

1-21 

7B-S 

0-90 

isn 

BS'3 

.   TOO 

1-62 

6( 

•0-9 

2- 

SO 

en 

9B-B 

8- 

4-0 

7( 

lOfl-1 

6-1 

71 

118-6 

a- 

7-6 

8( 

121-2 

6- 

91 

fit 

128-8 

7- 

Ifrfl 

9C 

136-4 

8- 

12-1 

9E 

143-9 

9- 

18-8 

100 

161-B 

•To  preTeDt  the  Tery  common  misUkeof  calling  fortj,  sixty;  or  tbirt;,  sevAit;; 
itlian  been  euggesteJ  to  make  the  llth,  21st,  Slst,  and  4lBt  liukt  of  br<m,  oblch 
would  at  once  ehow  on  which  side  of  the  middle  of  the  cbain  was  tbe  doubtful  mark. 
ThiB  would  be  partlculnri;  UM3ful  In  If  ininf;  Rurrejii^. 

{  This  muHt  not  be  confounded  with  the  pieces  of  wire  which  have  the  ttm* 
name,  eince  one  of  them  is  nhnrter  than  the  "  link  "  used  In  cktculation  bj  half  •  ring 
01-  tuorc.  according  lo  the  way  in  which  the  chain  is  made. 
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To  reduce  links  to  feet,  enbtract  from  the  number  of  links  aa 
many  units  ae  it  contains  bntidreda  ;  multiply  the  remainder  by  3 
aud  divide  by  3. 

To  reduce  feet  to  linka,  add  to  tbe  given  number  half  of  itself, 
and  add  one  for  each  hundred  (more  exactly,  for  each  ninety-nine) 
in  the  sum. 

Tbe  chain  is  liable  to  be  lengthened  by  its  rings  being  pulled 
open,  and  to  be  shortened  by  its  links  being  bent  It  should 
therefore  be  frequently  tested  by  a  carefully  measured  length  of 
66  feet,  set  out  by  a  standard  iieosure  ou  a  flat  surface,  such  aa  the 
top  of  a  wall,  or  on  smooth  level  ground  between  two  stakes,  their 
centers  being  marked  by  small  naila.  It  may  be  left  a  little  longer 
than  tbe  true  length,  since  it  can  seldom  be  stretched  so  as  to  be 
perfectly  horizontal  and  not  hang  in  a  curve,  or  be  drawn  out  in 
a  perfectly  straight  line.*  Distances  measured  with  a  perfectly 
accurate  chain  will  always  and  unavoidably  be  recorded  as  longer 
than  they  really  are.  To  insure  the  chain  being  always  str^ned 
with  tbe  same  force,  a  spring,  like  that  of  a  spring-balance,  ia 
sometimes  placed  between  ane  handle  and  the  rest  of  the  chain. 

If  aline  has  been  measured  with  an  incorrect  chain,  the  true 
length  of  the  line  will  be  obtained  by  multiplying  the  number  of 
chains  and  linka  in  the  measured  distance  by  100,  and  dividing  by 
the  length  of  the  standard  distance,  as  giver,  by  measantment  of 
it  with  the  incorrect  chain.  The  proportion  here  employed  is 
this  :  As  the  length  of  the  standard  given  by  the  incorrect  chain 
U  to  tbe  true  length  of  the  standard,  so  ix  tht'  lenpth  of  the  Ime 
given  "by  the  measurement  fo  the  true  length.  Thua,  suppose  that 
u  line  has  been  measured  with  a  certain  chain,  and  found  by  it  to 
be  ten  chains  long,  and  that  the  chain  is  afterward  found  to  have 
been  so  stretched  that  the  standard  distance  measured  by  it  appears 
to  be  only  99  links  long.  The  measured  line  ia  therefore  longer 
than  it  had  been  thought  to  be,  and  ita  true  length  is  obtained  by 
mnltiplying  10  by  100,  and  aividing  by  99. 

*  The  chain  nted  by  the  Qovernment  aurrejors  of  France,  vhlch  is  ten  metrea, 
or  about  hatf  a  Ounter'a  ohahi  in  Icn^h,  ia  made  from  one  fifth  to  two  fifths  of  an 
hcb  longer  than  the  atandard.  An  Inaociiracy  of  one  fiTC-hundredth  of  Itb  laagth 
i=  1)  inch  on  a  Gunter'a  chain)  in  \he  utEnost  allowed  not  to  fitlal«  the  aurref. 
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17.  Piai.  Ten  iron  pins,  or  "arrowa,"  uBiially  acoomf^oi^  the 
chain.*  They  are  about  a  foot  loug,  and  are  made  of  stent  Iron 
vire,  sharpened  at  one  end,  und  bent  into  a  ring  at  the  other. 
Pieces  of  red  and  white  cloth  should  be  tied  to  their  heads,  so  that 
they  can  be  easily  found  in  grass,  dead  leaves,  etc 

They  ahonld  be  strung  on  a  ring,    which  has  a  spring-catch  to 

retain  them.     Their  usual  form  is  shown  in  Fig,  9.    Fig.  10  shows 

another  form,   made   very  large,   and   therefore 

very  heavy  near  the  point,  bo  that,  when  held  by 


0 


the  top  and  dropped,  it  may  fall  vertically.     The 
uses  of  this  will  be  seen  presently. 

On  irregular  ground,  two  stout  stakes,  about 
BIX  feet  long,  are  needed  to  put  the  forward 
.  chain-man  in  line,  and  to  enable  whichever  of 
the  two  is  lowest  to  raise  his  end  of  the  chain  in 
a  truly  vertical  line,  and  to  strain  the  chain 
straiglit. 
A  number  of  lonfi  and  slender  rods  are  also  necessary  for 
"ranging  out"    iines  between  distant  points. 

18.  Hov  to  Chain.  Two  men  are  required — a  forward  chmn- 
man  and  a  hind  chain-man.  or  leader  and  follower.  The  latter 
takes  the  handles  of  the  chain  in  his  left  hand,  and  the  chain  itself 
in  his  right  band,  and  throws  it  out  in  the  direction  in  which  it  is 
to  be  drawn.  The  former  takes  a  handle  of  the  chain  and  one  pin 
in  his  right  hancl.  and  the  other  pins  (and  the  staff,  if  naed),  in  hia 
left  hand,  and  draws  out  the  chain.  The  follower  then  walks  be- 
side it,  examining  carefully  that  it  is  not  twisted  or  bent.  He 
then  returns  to  its  hinder  end,  which  he  holds  at  the  beginning  of 
the  line  to  be  measured,  puts  his  eye  exactly  over  it  and.  by  the 
words  "  Right,"  "  Left,"  directs  the  leader  how  to  put  his  staff, 
or  the  pin  which  he  holds  up,  "in  line,"  so  that  it  may  seem  to 
cover  and  hide  the  flag-staff,  or  other  object  at  the  end  of  the  line. 
The  leader  all  the  while  keeps  ttie  cliain  tightly  stretched,  and  his 

*  Elvvm  pins  ii'e  wmelimM  uaed,  oni^  bein;;  of  brans.  Nine  ol  iron,  with  four 
or  rit'ht  nf  broflB,  may  also  b«  employed.  Their  uiei  ara  explaloed  in  ArticliB  18 
Mdie. 
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end  ot  it  touchiog  his  staff.  Every  time  he  moves  the  chain,  h« 
should  straighten  it  by  an  uuaulating  shake.  Wlien  the  staff  (or 
pin)  is  at  last  put  "in  line,"  the  follower  says  "Down."  The 
leader  then  puts  in  the  single  pin  precisely  at  the  end  of  the  chain, 
and  replies  "  Down, "  The  follower  then  {and  never  before  hear- 
ing this  signal  that  the  point  is  fixed)  loosens  his  end  of  the  chain, 
retaining  it  in  his  hand.  The  leader  draws  on  the  chain,  making 
a  st«p  to  one  side  of  the  pin  just  sot,  to  avoid  dragging  it  out.  He 
should  keep  his  eye  steadily  on  the  object  ahead,  or,  in  a  hollow, 
should  line  himself  approximately  by  looking  back.  The  follower 
should  count  his  steps,  so  as  to  know  where  to  look  for  the  pin  .n 
high  grass,  etc.  As  he  approaches  the  pin,  he  calls  "  Halt."  On 
reaching  it,  he  holds  the  handle  of  the  chain  against  it,  pressing 
his  knee  against  both  to  keep  the  pin  firm.  He  then,  with  his  eye 
over  the  pin,  "lines"  the  leader  as  before.  When  tliG'"Down'* 
has  been  again  called  by  the  follower,  and  answered  by  the  leader, 
the  former  pulls  oat  the  pin  with  the  chain-hand,  and  carries  it  in 
his  other  hand,  and  they  go  on  as  before.*  The  operation  is  re- 
peated till  the  leader  has  arrived  at  the  end  of  the  line,  or  has  put 
down  all  his  pins. 

When  the  leader  has  put  down  his  tenth  pin,  he  draws  on  the 
chain  ite  length  farther,  and,  after  being  lined,  puts  his  foot  on 
the  handle  to  keep  it  firm,  and  calls  "  Tally."  The  follower  then 
drops  bis  end  of  the  chain,  goes  up  to  the  leader  and  gives  him 
back  all  the  pins,  both  counting  them  to  make  sure  that  none  have 
been  lost.  One  pin  is  then  put  down  at  the  forward  end  of  the 
chain,  and  they  go  on  as  before. 

Some  surveyors  cause  the  leader  to  call  "  tally  "  at  the  tenth 
pin,  and  then  exchange  pins  ;  but  then  the  follower  has  only  the 
bole  made  by  the  pin,  or  some  other  indefinite  mark,  to  measure 
from. 

Eleven  pins  are  sometimes  preferred,  the  feleventh  being  of 
brass,  or  otherwise  different  from  the  rest,  and  being  used  to  mark 

"  When  ■  chain's  length  would  end  id  >  iltch,  pool  of  witer,  etc.,  tniJ  the  chiin- 
men  are  afrud  of  itettiDg  their  feet,  Ihcj  can  measure  part  of  a  chain,  to  the  edge  of 
tba  water,  then  atretch  the  cbain  acrasB  it,  and  then  measure  another  portion  o(  a 
tbMin,  M  thU,  with  the  former  portion,  U  tnaj  make  up  a  full  chain. 
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the  end  of  the  eleventh  chain  ;  another  being  snbatitutfid  for  it 
before  the  leader  goes  on. 

The  two  chain-men  may  change  duties  at  each  change  of  pins, 
if  they  are  of  eqnal  skill,  bnt  the  more  carefnl  and  intelligent  of 
two  laborers  should  generally  be  made  "follower." 

When  the  leader  reaches  the  end  of  the  line,  he  stops,  and 
holds  his  end  of  the  chain  against  it  The  follower  drops  his  end 
and  connts  the  links  beyond  the  last  pin,  noting  carefully  on  which 
side  of  the  "  fifty "  mark  it  comes.  Each  pin  now  held  by  the 
follower,  including  the  one  in  the  gronnd,  represents  one  chain  ; 
each  time  "  tally  "  has  been  called,  and  the  pins  exchanged,  repre- 
Bents  ten  chains,  and  the  links  just  counted  make  up  the  total 
distance. 

19.  TaUiMi  In  chaining  very  long  distances,  there  is  danger 
of  miscounting  the  number  of  "  tallies,"  or  tens.  To  avoid  mis- 
takes, pebbles,  eta,  may  he  changed  from  one  pocket  into  another 
at  each  change  of  pins ;  or  bits  of  leather  on  a  cord  may  be  slipped 
from  one  side  to  the  other  ;  or  knots  tied  on  a  string  ;  but  the  best 
plan  is  the  following  :  Instead  of  ten  iron  pins,  use  nine  iron  pins, 
and  four,  or  eight,  or  ten  pins  of  brass,  or  very  much  longer  than 
the  rest.  At  the  end  of  the  tenth  chain,  the  iron  pins  being  ex- 
hausted, a  brass  pin  is  pot  down  by  the  leader.  The  follower  then 
comes  np,  and  returns  the  nine  iron  pins,  bnt  retains  the  brass 
tne,  with  the  additional  advantage  of  Imviug  this  pin  to  measure 
fivm.  At  the  end  of  the  twentieth  chain,  the  same  operation  is 
repeated  ;  and  so  on.  When  the  measurement  of  the  line  is  com- 
pleted, each  brass  pin  held  by  the  follower  connts  ten  chains, 
and  each  iron  pin  one,  as  before. 

M.  CIlaiIli]^;  on  Slopes,  All  the  distances  employed  in  Land' 
snrveying  moat  be  measured  horizontally,  or  on  a  level.  When 
the  ground  slopes,  it  is  therefore  necessary  to  make  certain  allow- 
anoes  or  corrections.  If  the  slope  be  gentle,  hold  the  up-hill  end 
of  the  chaiu  on  the  groand,  and  raise  the  down-hill  end  till  the 
chain  is  level.  To  insure  the  elevated  end  being  exactly  over  the 
desired  spot,  raise  it  along  a  staff  Jcept  vertical,  or  drop  a  pin  held 
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b;  the  point  with  the  ring  downward  (if  yon  have  not  the  heavy 
pointed  ones  showu  in  Fig.  10),  or,  which  is  better,  nse  a  plumb- 
line.     A  pen»)n  standing  beside   the  chain, 
and  at  a  little  distance  from  it,  can  best  t«Il  ' .        . 

if  it  be  nearly  level.     If  the  bill  be  so  ateep  I'  ^'J^^^ 

that  a  whole  chain  can  not  be  held  up  level,        i    _J^^ 
use  only  half  or  quarter  of  it  at  a  time.  ^^fe^K^><' 
Great  care  is  necessary   in   this  operation. 
To  measure  down  a  steep  hill,  stretch  the  whole  chain  in  line. 
Hold  the  upper  end  fast  on  the  ground.    Raise  up  the  20  or  30 
link-mark,  so  that  that  portion  of  the  chain  is  level.     Drop  a 
plumb-line  or  pin.     Then  let  the  follower  come  forward  and  hold 
down   that  link   on  this  spot,  and  the  leader  hold   up  another 
short  portior,  as  before.     Chaining  down  a  slope  is  more  ac- 
curate than    ihaining  up   it,   since   in   the  latter   case   the   fol- 
lower can  not  easily  place  his  end  of  the  chain  exactly  over  the 
pin. 

A  more  accurate,  though  more  troublesome,  method,  is  to 
measure  the  angle  of  the  slope,  and  make  the  proper  allowance 
by  calcnlation,  or  by  a  table,  previously  prepared.  The  correc- 
tion  being  found,  the  chain  may  be  drawn  forward  the  proper 
number  of  links,  and  the  correct  distance  of  the  various  points 
to  be  noted  will  thus  be  obtained  at  once,  withoat  any  subse- 
quent calculation  or  reduction.  If  the  surrey  is  made  with 
the  Transit  provided  with  a  vertical  circle,  the  slope  of  the 
gmnnd  can  be  measured  directly.  A  "Tangent  Scale,"  for  the 
same  purpose,  may  be  formed  on  the  sides  of  the  sights  of 
a  Compass.  It  will  be  describecl  when  the  inetniment  is  ex- 
plained. 

In  the  following  table,  the  first  column  contains  the  angle 
which  the  surface  of  the  ground  makes  with  the  horizon  ;  the 
second  column  contains  its  slope,  named  by  the  ratio  of  the  per- 
pendicular bo  the  base  ;  and  the  third,  the  correction  in  links  for 
each  chain  measured  on  the  slope,  i.  e.,  the  difference  between  the 
hypotbenuse,  which  is  the  distance  measured,  and  the  horizontal 
base,  which  ia  the  distance  desired. 
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81.  Ghsining  is  the  fundamental  operation  in  all  kinds  of  Sar- 
veying.  It  has  for  this  reason  been  very  minntely  detailed.  The 
"follower"  is  the  most  responsible  person,  and  the  surveyor  will 
best  insare  bis  acouracj  by  taking  that  place  himself.  If  he  has 
to  employ  inexperienced  laborers,  he  will  do  well  to  cause  them  to 
measure  tbe  distance  between  any  two  points,  and  then  remeasure 
it  in  the  opposite  direction.  The  difference  of  their  two  results 
Till  impress  on  them  the  necessity  of  great  carefulness. 

To  "  do  up  "  the  chain,  take  the  middle  of  it  in  the  left  hand, 
and  with  the  right  hand  take  hold  of  the  doubled  chain  just  be- 
yond the  second  link  ;  double  up  the  two  links  between  your 
bands,  and  continue  to  fold  up  two  double  links  at  a  time,  laying 
each  pair  obliquely  across  the  others,  so  that  when  it  is  all  folded 
up  the  handles  will  be  on  the  outside,  and  the  chain  will  have  an 
hour-glass  shape,  easy  to  strap  up  and  to  carry. 

82.  Tape.  Though  the  chain  is  most  usually  employed  for  the 
principal  measurements  of  Surveying,  a  tape-line,  divided  on  one 
side  into  links,  and  on  the  other  into  feet  and  inches,  is  more  con- 
venient for  some  purposes.  It  should  be  tested  very  frequently, 
particularly  after  getting  wet,  and  the  correct  length  marked  on  it 
at  every  ten  feet.  A  "Metallic  Tape,"  leas  liable  to  stretch,  is 
manufactured,  in  which  fine  wires  form  its  warp.  When  the  tape 
is  being  wound  up,  it  should  be  passed  between  two  fingers  to  pre- 
vent its  twisting  in  the  box,  which  would  make  it  necessary  to 
unscrew  it£  nut  to  take  it  out  and  untwist  it.     While  in  use.  it 
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BboaM  be  made  portable  b;  being  folded  up  by  arm's  lengths,  in- 
stead  of  being  wonnd  up. 

A  "  Steel  Tape,"  made  of  a  thin  ribbon  of  steel,  with  the  divis" 
ioD8  and  numbers  etcbed  on  it,  is  one  of  tbe  most  accurate  meaa- 
nring  instmments.  Those  intended  for  accnrate  measarement 
have  at  one  end  an  arrangement  for  shortening  and  lengthening 
tbe  tape  to  provide  for  variations  in  length,  due  to  changes  of  tem- 
perature, and  at  the  other  end  a  level  and  a  gpring-balance,  so  that 
when  measuring  the  ends  of  the  tape  may  be  held  at  the  same 
height,  and  always  with  the  same  tension.  For  methods  employed 
in  making  accurate  measurements,  see  Chapter  XI,  Part  IL 

23.  Substitutes  for  a  chain  or  a  tape  may  be  found  in  leather 
driving-lines,  mariied  off  with  a  carpenter's  rule,  or  in  a  cord  knot- 
ted at  the  length  of  every  link.  A  well-made  rope  (such  as  8 
"patent  wove  line,"  woven  circularly  with  the  strands  always 
straight  in  the  line  of  the  strain),  when  once  well  stretched,  wetted, 
and  allowed  to  dry  with  a  moderate  strain,  will  not  vary  from  a 
chain  more  than  one  foot  in  two  thousand,  if  carefully  used. 

S4.  Bodi.  When  unusually  accurate  measurements  are  re- 
quired, rods  are  employed.  They  may  be  of  well-seasoned  wood, 
of  glass,  of  iron,  etc.  They  must  be  placed  in  line  very  carefully 
end  to  end,  or  made  to  coincide  in  other  ways,  as  will  be  explained 
under  "Triangular  Surveying,"  in  which  the  peculiarly  accurate 
measurement  of  one  line  is  required,  as  all  the  others  are  founded 
upon  it. 

25.  Pacing,  sound,  and  other  approiimate  means,  may  be  used 
for  mca3uring  the  length  of  a  line.  Thii  Stadia  and  Qradienter 
will  be  described  in  Chapter  IV. 

26.  A  Perambulator,  or  "  Measuring- Wheel,"  is  sometimes  used 
for  measuring  distances,  particularly  roads.  It  consists  of  a  wheel 
which  is  made  to  roll  over  tho  ground  to  be  measured,  and  whose 
motion  is  communicated  to  a  series  of  toothed  wheels  within  the 
machine.  These  wheels  are  so  proportioned  that  the  mdei-wheel 
registers  cheir  revolutions,  and  records  the  whole  distance  passed 
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over.  If  the  diameter  of  the  vheel  be  31^  inches,  the  circumfer- 
ence,  and  therefore  each  revolation,  will  be  S\  feet,  or  half  a  rod. 
The  TonghnesBes  ot  the  road  and  the  elopes  necesBarily  cause  the 
registered  distances  to  exceed  the  true  measure. 

The  Odometer  is  an  instrument  designed  to  register  the  number 
of  revolutions  of  a  wagon-wheel.  Knowing  the  circumference  of 
the  wheel  to  which  it  is  attached,  and  determiuing  the  number  of 
revolutions  by  the  odometer,  the  distance  over  which  the  wheel 
has  jiasaed  may  be  approximately  determined. 

Measaring  Angles. 
87.  The  angle  made  by  any  two  lines — that  is,  the  diflerence 
of  their  directions — may  be  obtained  by  a  great  variety  of  instm- 
p,a,  ]2.  ments.    All  of  them  are  in  substance 

mere  modifications  of  the  very  sim- 
ple one  which  will  now  be  described, 
and  which  any  one  can  make  for 
himself : 

Provide  a  circular  piece  of  wood, 
and  divide  its  circumference  {by  any 
of  the  methods  of  Geometrical  Draft- 
ing) into  throe  hundred  and  sixty 
equal  parts,  or  "  degrees,"  and  num- 
ber them  as  in  the  figure.  The  divisions  will  be  like  those  of  a 
watch-face,  but  six  times  as  many.  These  divisions  are  termed 
graduations.  The  figure  shows  only  every  fifteenth  one.  In  the 
center  of  the  circle  fix  a  needle,  or  sharp-pointed  wire,  and  upon 
this  fix  a  str^ght  stick,  or  thin  ruler  placed  edgewise  (called  an 
alidade),  so  that  it  may  torn  freely  on  this  point  and  nearly 
touch  the  graduations  of  the  circle.  Fasten  the  circle  on  a  staff, 
pointed  at  the  other  end,  and  long  enough  to  bring  the  alidade 
to  the  height  of  the  eyes.  The  instrument  is  now  complete.  It 
may  be  called  a  Ooniomeler,  or  Angle-measurer. 

Now  let  it  be  required  to  measure  the  angle  between  the  line& 
A  B  and  A  C.  Fix  the  staff  in  the  ground,  so  that  its  center  shall 
be  exactly  over  the  intersection  of  the  two  lines.  Turn  the  alidade 
so  that  it  points  (as  determined  by  sighting  along  it)  to  a  rod,  oi 
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other  mark  at  B,  a  point  on  one  of  the  lines,  and  note  what  degree 
it  covers — i.  e.,  "The  Reading."  Then,  without  disturbing  the 
circle,  tnrn  the  alidade  till  it  points  to  0,  a 
point  on  the  other  line.  Note  the  new  read- 
ing. The  difference  of  thette  readings  (in  the 
figure,  45  degrees)  is  the  difference  in  the 
directions  of  the  two  lines,  or  is  the  angle 
which  one  makee  with  the  other.  If  the  dis- 
tance from  A  to  C  be  now  measared,  the 
point  C  is  "  determined,"  with  respect  to  the  points  A  and  B,  on 
the  Third  Principle.  Any  unmber  of  points  may  be  thus  deter- 
mined. 

Instead  of  the  very  simple  and  mde  alidade,  which  has  been 
snpposed  to  be  oscd,  needles  may  be  fixed  on  each  end  of  the  ali- 
dade ;  or  sights  may  be  added  ;  or  a  small  straight  tube 
^  '  '  may  be  used,  one  end  being  covered  with  a  piece  of 
V?-*  v±7  pasteboard  in  which  a  very  small  eye-hole  is  pierced, 
and  threads,  called  "  cross'hairs,"  being  stretched  across 
the  other  end  of  it,  as  in  the  figure,  so  that  their  intersection  may 
give  a  more  precise  line  for  determining  the  direction  of  any  point. 

When  a  telescope  is  substituted  for  this  tube,  and  supported  in 
such  a  way  that  it  can  tarn  over,  so  as  to  look  both  backward  and 
forward,  the  instrument  (with  various  other  additions,  which,  bow- 
ever,  do  not  affect  the  principle)  is  called  a  Transit. 

38.  Chain  Angles.     The  angle  made  by  any  two  lines  can  also 
be  determined  without  the  aid  of  an  angle-measurer.     Let  it  be  re- 
quired to  find  the  angle  made  by  the  two  lines 
A  B  and  A  C,  Fig.  15.     Measure  oft  equal  dis-  '^''- "■ 

tances  from  A  to  B  and  C,  and  also  the  "  tie-  \ 

line"  BC.     It  is  evident  that  the  tie-line  is  the  ^ 

chord  of  the  angle  to  a  radins  equal  to  one  of  the  /    \ 

equal  distances  measured  on  the  sides.    Therefore,  \ 

divide  the  length  of  the  tie-line  by  the  length  ^  * 

of  this  distance.  The  quotient  will  be  the  chord  of  the  angle  to  a 
radius  of  one.  In  the  Table  of  Chords,  at  the  end  of  this  volume, 
find  this  quotient,  and  the  number  of  degrees  and  minutes  corr©- 
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apunding  to  it  gives  the  angle  required.  Othorwiee,  sinca  the  chord 
of  any  angle  equals  twice  the  sine  of  half  the  angle,  we  hare  this 
rule :  Divide  half  the  tie-line  by  the  measured  distance,  find  in  a* 
table  of  natural  sines  the  angle  correspouding  to  the  quotient,  and 
multiply  this  angle  by  two,  to  get  the  angle  desired. 

Sarveying  withoat  lastrameats. 

29.  Diitancea  by  Paoiiig.  Quit«  an  accurate  measurement  of  a 
line  of  ground  may  be  made  by  walking  over  it  at  a  uniform  pace, 
and  coQuting  the  steps  taken.  Bnt  the  art  of  walking  in  a  straight 
line  must  firat  be  acquired.  To  do  this,  fix  the  eye  on  two  objects 
in  the  desired  line,  such  as  two  trees,  or  bashes,  or  stones,  or  tufts 
of  grass.  Walk  forward,  keeping  the  nearest  of  these  objects  st«ad- 
ily  covering  the  other.  Before  getting  up  to  the  nearest  object, 
choose  a  new  one  in  line  farther  ahead,  and  then  proceed  as  before, 
apd  so  on.  It  is  better  not  to  attempt  to  make  each  of  the  paces 
three  feet,  but  to  take  steps  of  the  natural  length,  and  to  ascertain 
the  value  of  each  by  walking  over  a  known  distance,  and  dividing 
it  by  the  number  of  paces  required  to  traverse  it.  Every  person 
should  thus  determine  the  usual  length  of  bis  own  steps,  repeating 
the  eiperiment  sufficiently  often.  The  French  "  geographical  en- 
gineers" accustom  themselves  to  take  regular  steps  of  eight  tenths 
of  a  metre,  equal  to  two  feet  seven  and  a  half  inches.  The  United 
States  military  pace  is  two  feet  and  six  inches.  This  is  regarded  as 
a  usual  average.  Quick  pacing  of  120  such  paces  per  minute  gives 
3-41  miles  per  hour.  Slow  paces,  of  three  feet  each  and  sixty  per 
minute,  give  2*04  miles  per  hour.* 

The  Pedometer  is  an  instrument  which  counts  the  steps  taken 
by  one  wearing  it,  without  any  attention  on  his  part.  It  is  made 
in  the  form  of  a  watch,  and  carried  in  the  pocket.  The  number  of 
the  steps  given  by  the  pedometer,  multiplied  by  the  length  of  the 
step,  will  give  approximately  any  distance  walked  over.  In  one 
form  of  this  instrument  the  number  of  steps  is  registered  on  a  dial 
up  to  2,500. 

In  another  form  the  in^^trument  is  intended  to  be  regulated  ac- 

*  A  horse,  on  ■  walk,  avera^  3Si)  feet  per  niinuir,  on  a  trot  6B0,  and  aa  a  com 
mon  (^llop  I,(i40      For  longer  timep,  tho  difference  in  horsca  is  mora  appaicitt. 
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cording  to  the  length  of  step  of  the  perBon  carrying  it,  and  then 
the  distance  is  regletered  on  the  dial  in  miles. 

30.  SiitanoM  by  Tiinal  Angles.  Prepare  a  scale,  b;  marking 
off  OQ  a  pencil  what  length  of  it,  when  it  is  held  off  at  arm's  length, 
s  man's  height  appears  to  cover  at  different  distances  (previoosly 


measured  with  accnracj)  of  100,  600,  1,000  feet,  eto.  To  apply 
this,  when  a  man  is  seen  at  any  unknown  distance,  hold  np  the 
pencil  at  arm's  length,  making  the  top  of  it  come  in  the  line  from 
the  eye  to  his  bead,  and  placing  the  thnmb-nail  in  the  line  from 
the  eye  to  his  feet,  aa  in  Fig.  16.  The  pencil  having  been  previ- 
onsJy  graduated  by  the  method  above  explained,  the  portion  of  it 
now  intercepted  between  these  two  line^  will  indicate  the  corre- 
sponding distance. 

If  no  previons  scale  have  been  prepared,  and  the  distance  of  a 
man  he  required,  take  a  foot-rnle,  or  any  measure  minutely  divided, 
hold  it  off  at  arm's  length  as  before,  and  see  how  much  a  man's 
height  covers.  Then,  knowing  the  distance  from  the  eye  to  the 
rule,  a  statement  by  the  rale  of  three  (on  the  principle  of  similar 
triangles)  will  give  the  distance  required.  Sappose  a  man's  height, 
of  70  inches,  covers  one  inch  of  the  rule.  He  ia  then  seventy  times 
as  far  from  the  eye  as  the  rale,  and,  if  its  distance  be  two  feet,  that 
of  the  man  is  140  feet.  Instead  of  a  man's  height,  that  of  an  ordi- 
nary house,  of  an  apple-tree,  the  length  of  a  fence-rail,  etc.,  may 
be  taken  aa  the  standard  of  comparison. 

To  keep  the  arm  immovable,  tie  a  string  of  known  length  to 
the  pencil,  and  hold  between  the  teeth  a  knot  tied  at  the  other  end 
of  the  string. 

31.  Diftuuea  by  Visibility,  The  degree  of  visibility  of  various 
well-known  objects  will  indicate  approximately  how  far  distant  they 
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are.  Thus,  by  ordinary  ejres,  the  windows  of  a  large  house  can  be 
counted  at  a  distance  of  about  13,000  feet,  or  2^  niile^  ;  men  und 
horses  will  be  perceived  a&  points  at  about  half  that  distuncc,  or  1^ 
mile ;  a  horse  can  be  clearly  distinguished  at  about  4,000  feet ;  the 
moTementB  of  men  at  S,600  feet,  or  half  a  mile  ;  and  the  head  of  u 
man,  occasionally,  at  2,300  feet,  and  very  plainly  at  1,300  feet,  or  a 
quarter  of  a  mile.  The  Arabs  of  Algeria  define  a  mile  as  "  the  dis- 
tance at  which  you  can  no  longer  distinguish  a  man  from  a  wom- 
an." These  distances  of  visibility  will  of^ourse  vary  somewhat 
with  the  state  of  the  atmosphere,  and  still  more  with  individual 
aoateness  of  sight,  bnt  each  person  should  make  a  corresponding 
scale  for  himself. 

32.  Distanoea  by  Sound.  Sound  passes  through  the  air  with  a 
moderate  and  known  velocity  ;  light  ppsses  almost  instantaneously. 
If,  then,  two  distant  points  be  visible  from  each  other,  and  a  gun 
be  fired  at  night  from  one  of  them,  an  observer  at  the  other,  noting 
by  a  stop-watch  the  time  at  which  the  flash  is  seen,  and  then  that 
at  which  the  report  is  heard,  can  tell  by  the  intervening  number  of 
seconds  how  far  apart  the  points  are,  Icnowing  how  far  sound  trav- 
els in  a  second.  Sound  moves  about  1,098  feet  per  second  in  dry 
air,  with  the  temperature  at  the  freezing-point,  32°  Fahf.  Foi 
higher  or  lower  temperatures  add  or  subtract  l\  foot  for  each  de- 
gree of  Fahrenheit.  If  a  wind  blows  with  or  against  the  movement 
of  the  sound,  its  velocity  must  be  added  or  subtracted.  If  it  blows 
obliquely,  the  correction  will  evidently  equal  its  velocity  multiplied 
by  the  cosine  of  the  angle  which  the  direction  of  the  wind  makes 
with  the  direction  of  the  sound.  If  the  gun  be  tired  at  each  end  of 
the  base  in  turn,  and  the  means  of  the  times  taken,  the  effect  of 
the  wind  will  be  eliminated. 

If  a  watch  is  not  at  hand,  snspend  a  pebble  to  a  string  (such  as 
a  thread  drawn  from  a  handkerchief)  and  count  its  vibrations.  If 
it  be  39^  inches  long,  it  will  vibrate  in  one  second ;  if  9|  inches 
long,  in  half  a  second,  etc.  If  its  length  is  unknown  at  the  time, 
still  count  its  vibrations;  measure  it  subsequently ;  and  then  will 

the  time  of  its  vibration,  in  seconds,  =  t/ (  "        qqT j. 
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33.  Angles.  Eight  angles  are  those  most  frequently  required  in 
this  kind  ol  sarvey,  and  they  can  be  estimated  by  the  eye  with 
mach  accnracy.  If  other  angles  are  desired,  they  will  be  deter- 
mined by  tneasnring  equal  distances  along  the  linoB  which  tnako  the 
angle,  and  then  the  line,  or  chord,  joining  the  ends  of  these  dis- 
tances, thus  forming  chaiu-anglee,  explained  in  Article  28. 

Noting  the  Measareiaents. 

S4.  The  measurementa  which  have  been  made,  whether  of  lineb 
or  of  angles,  require  to  be  very  carefully  noted  and  recorded. 
Clearness  and  brevity  are  the  points  desired.  Different  methods  of 
notation  are  required  for  each  of  the  systems  of  surveying  which 
are  to  be  explained,  and  will  therefore  be  given  in  their  appropriate 
places. 

PBAWIHO  THE  KAF. 

86.  A  Map  of  a  surrey  represents  the  lines  which  bound  the 
snrface  surveyed,  and  the  objects  upon  it,  such  as  fences,  roads, 
rivers,  honsea,  woods,  hills,  etc.,  in  their  true  relative  dimensions 
and  positions.  It  is  a  miniature  copy  of  the  field,  farm,  etc.,  as  it 
would  be  seen  by  an  eye  moving  over  it ;  or  as  it  would  appear,  if, 
from  eyery  point  of  its  irregular  surface,  plumb-lines  were  dropped 
to  a  level  surface  under  it,  forming  what  is  called,  in  geometrical 
language,  its  korizontid  projection. 

36.  Platting.  A  plat  of  a  sarvey  is  a  skeleton,  or  outline  map. 
It  is  a  figure  "similar"  to  the  original,  having  all  its  angles  equal 
and  its  sides  proportional.  Every  inch  on  it  represents  a  foot,  a 
yard,  a  rod,  a  mile,  or  some  other  length,  on  the  ground  ;  all  the 
measured  distances  being  diminished  _     _ 

in  exactly  the  same  ratio. 

Plattiito  is  repeating  on  paper, 
to  a  smaller  scale,  the  measurements 
which  have  been  made  on  the  ground. 

Ita  various  operations  may  there- 
fore be  reduced,  in  accordance  with 

the    principles    established  in   this  chapter,  to  two,  viz.:  draw- 
ing a  straight  line  in  a  given  direction  and  of  a  given  length ; 


byGoogIc 


23  LAfTDSURVETIInG. 

and  describing  an  ut;  of  a  circle  with  a  radiiu  whose  length  is  also 
j^Teo.  The  only  iDstmrnents  absolutely  necessary  for  this  are  a 
straight  ruler  and  a  pair  of  "dividers"  or  "compasses."  Others, 
however,  are  often  convenient,  and  will  be  now  briefly  noticed. 

37.  Straight  LinM.  These  are  usually  drawn  by  the  aid  of  a 
straight^dged  rnler.  Bnt  to  obtain  a  very  long  straight  line  upon 
paper,  stretch  a  fine  silk  thread  between  any  two  distant  points, 
and  mark  in  its  line  various  points  near  enough  together  to  be 
afterward  connected  by  a  conimon  ruler.  The  thread  may  also  be 
blackened  vith  burned  cork  and  snapped  on  the  paper,  as  a  car- 
penter snaps  his  chalk-line  ;  bat  this  is  liable  to  inaccuracies,  from 
not  raising  the  line  vertically. 

88.  Ann.  The  arcs  of  circles  used  in  fixing  the  position  of  a 
point  on  paper  are  usually  described  with  compasses,  one  leg  of 
which  carries  a  pencil-point  A  convenient  substitnte  is  a  strip  of 
pasteboard,  through  one  end  of  which  a  fine  needle  is  thrust  into 
the  given  center,  and  through  a  hole  in  which,  at  the  desired  dis- 
tance, a  pencil-point  is  passed,  and  can  thus  describe  a  circle  about 
the  center,  the  pasteboard  keeping  it  always  at  the  proper  distance. 
A  string  is  a  still  readier,  but  less  accurate,  instrument. 

89.  Farallels.  The  readiest  mode  of  drawing  parallel  lines  is 
by  the  aid  of  a  triangular  piece  of  wood  and  a  ruler.     Let  AB 

„       -  be  tlie  line  to  which  a  parallel  is  to 

be  drawn,  and  C  the  point  through 

which  it  must  pass.     Place  one  side 

of  the  triangle  against  the  line,  and 

place  the  ruler  against  another  side  of 

the  triangle.      Hold   the  ruler  firm 

and  immovable,  and  slide  the  triangle 

along  it  till  the  side  of  the  triangle 

which  had  coincided  with  the  given  line  passes  through  the  given 

point.     This  side  will  then  be  parallel  to  that  given  line,  and  a 

line  drawn  by  it  will  be  the  line  required. 

Another  easy  method  of  drawing  parallels  is  by  means  of  a  T- 
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sqnare,  an  iustrament  ver;  valuable  for  motiy  other  pnrpoees.     It 

\B  Dothing  bnt  s  mler  let  into  a  thicker  piece  of  wood,  very  tmlj 

at  right  aDglea  to  it.     For  this  nee 

of  it,  one  side  of  the  cross-piece 

most  be  even  or  "flash"  with  the 

mler.     To  nee  it,  lay  it  on  the 

paper  so  that  one  edge  of  the  mler 

coincides  with  the  gi?en  line  A  B. 

Place  another  mler  against   the 

croes-piece,  hold  it  firm,  and  slide 

the  T-sqnare  along  till  its  edge 

passes  tbrongb  the  given  point  C, 

as  shown  by  the  lower  part  of  the 

fignre.    Then  draw  by  this  edge  the  desired  liae  parallel  to  tiie 

given  line. 

40.  Ferpendianlan.  These  may  be  drawn  by  the  varions  prob- 
lems given  in  Geometry,  bnt  more  readily  by  a  triangle  which  has 
ODC  right  angle.     Place  the  longest  dde  of  the  triangle  on  the 

given  line,  and  place  a  mler  against  a 
F,Q  go,  second  side  of  the  triangle.     Hold  the 

mler  fast,  and  turn  the  triangle  so  as 
to  bring  its  third  side  againet  the  mler. 
Then  will  the  long  side  be  perpendicn- 
lar  to  the  given  line.  By  sliding  the 
triangle  along  tbc  raler,  it  may  be  nsed 
to  draw  a  perpendicnlar  from  any  point 
of  the  line,  or  from  any  point  to  the  line. 

41.  Angles,  These  are  most  easily  set  out  with  an  instrament 
called  a  Protractor.  This  is  usually  a  semicircle  of  brass,  as  in  the 
fignre,  with  its  Bemi-circumference  divided  into  180  equal  parts,  or 
degrees,  and  numbered  in  both  directions.  It  is,  in  fact,  a  minia- 
ture of  the  instrument  (or  of  half  of  it)  with  which  the  angles  have 
been  measnred.  To  lay  off  any  angle  at  any  point  of  a  straight 
line,  place  the  protractor  so  that  its  straight  side,  the  diameter  of 
the  semicircle,  is  on  the  given  line,  and  the  middle  of  this  diam- 
eter, which  is  marked  by  a  notch,  is  at  the  given  point     With  a 
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needle  or  sharp  pencil  make  a  mark  on  the  paper  at  the  reqaired 
number  of  degrees,  and  draw  a  line  from  the  mark  to  the  given 
point. 

Sometimes  the  protractor  has  an  arm  turning  on  its  center  and 


extending  hejond  its  circumference,  so  that  a  line  can  be  at  once 
drawn  by  it  when  it  is  set  to  the  desired  angle.  A  Vernier  scale  is 
sometimes  added  to  it  to  increase  its  precision. 

A  Rectangular  Protractor  is  sometimes  used,  the  divisions  of 
degrees  being  engraved  along  three  edges  of  a  plane  scale.     The 


semicircular  one  is  preferable.  The  objection  to  the  rectangnlar 
protractor  ia  that  the  division  corresponding  to  a  degree  is  very 
unequal  on  different  parts  of  the  scale,  being  usually  two  or  three 
times  as  great  at  its  ends  as  at  its  middle. 

A  Protractor  embracing  an  entire  circle,  with  arms  carrying 
verniers,  is  also  sometimes  employed,  for  the  sake  of  greater 
accuracy. 
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48.  Dmring  to  Boale.  The  operation  of  drawing  on  papet 
lines  whose  length  shall  be  a  half,  a  qnarter,  a  tenth,  or  any  otbei 
traction  of  the  linea  measured  on  the  groand,  is  called  "  Drawing 
to  Scale." 

To  set  off  on  a  line  any  given  distaQce  to  any  required  Bcalo, 
determine  the  number  of  chains  or  linka  which  each  division  of  the 
scale  of  equal  parts  shall  represent  Divide  the  given  distance  by 
this  number.  The  quotient  will  be  the  number  o(  equal  parts  to 
be  taken  in  the  dividers  and  to  be  set  off. 

For  example,  suppose  the  scale  of  equal  parts  to  be  a  common 
carpenter's  rule  divided  into  inches  and  eighths.  Let  the  given 
distance  be  twelve  chains,  which  is  to  be  drawn  to  a  scale  of  two 
chains  to  an  inch.  Then  six  inches  will  be  the  distance  to  be  set 
off.  If  the  given  distance  had  been  twelve  chains  and  seventy-five 
links,  the  distance  to  be  set  off  would  have  been  six  inches  and 
three  eighths,  since  each  eighth  of  an  inch  represents  twenty-five 
linka. 

If  the  desired  scale  were  three  chains  to  an  inch,  each  eighth  of 
an  inch  would  represent  37J  linka  ;  and  the  distance  of  1,275  linka 
would  be  represented  by  thirty-four  eighths  of  an  inch,  or  4J 
inches. 

A  similar  process  will  give  the  correct  length  to  be  set  off  for 
any  distance  to  any  scale. 

If  the  scale  used  had  been  divided  into  inches  and  tenths,  as  is 
much  the  most  convenient,  the  above  distances  would  have  t>ecome 
on  the  former  scale  Q-^  inches,  or  nearly  6^  inches  ;  and  on  the 
latter  scale  if^^  inches,  coming  midway  between  the  second  and 
third  tenth  of  an  inch. 

Conversely,  to  find  the  real  length  of  a  line  drawn  on  paper 
to  any  known  scale,  reverse  the  preceding  operation.  Take 
the  length  of  the  line  in  the  dividers,  apply  it  to  the  scale, 
and  count  how  many  equal  parts  it  includes.  Multiply  their 
number  by  the  number  of  chains  or  links  which  each  represents, 
and  the  product  will  be  the  desired  length  of  the  line  on  th« 
ground. 

This  operation  and  the  preceding  one  are  greatly  facilitated  by 
the  use  of  the  scales  to  bo  described  in  Art.  47. 
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48.  SoalM.  The  choice  of  tho  scale  to  which  s  plat  Bhoald  be 
drawn — that  is,  how  many  times  smaller  its  lines  shall  he  than 
those  which  have  been  measured  on  the  ground — is  determined  hj 
several  considerations.  The  chief  one  is  that  it  shall  be  just  large 
enough  to  express  clearly  all  the  details  which  it  is  desirable  to 
know.  A  Farm  Suney  would  require  its  plat  to  show  every  field 
and  building.  A  State  Survey  would  show  only  tiie  towns,  rirers, 
and  leading  roada.  Tlie  size  of  the  ])aper  at  hand  will  also  limit 
the  scale  to  be  adopted.  If  the  content  is  to  be  e&lculated 
from  the  plat,  that  will  forbid  it  to  be  less  than  3  chains  to  1 
inch. 

Scales  are  named  in  various  ways.  Tftey  should  always  be  ex- 
pressed fraetionaJly — i.  e.,  they  should  be  so  named  as  to  indicate 
what  fractional  part  of  the  real  line  measured  on  the  ground,  the 
representative  lino  drawn  on  the  paper,  actually  is.  When  custom 
requires  a  diSereut  way  of  naming  the  scale,  both  should  be  given. 
It  would  be  still  better  if  the  denominator  could  always  be  some 
power  of  10,  or  at  least  some  multiple  of  3  and  5,  such  as  j^, 
nW-  Wmn  rhv'  ^tc.  For  convenience  in  printing,  these  maybe 
written  thus  :   1 :  500,  1 : 1,000,  1 :  2,000,  1 :  2,500,  eta 

Plata  of  Farm  Surveys  are  usually  named  as  being  so  many 
chains  to  an  inch. 

Maps  of  Surveys  of  Slates  are  generally  named  as  being  made 
to  a  scale  of  so  many  miles  to  an  inch. 

Maps  of  Railroad  Surveys  are  said  to  be  so  many  feet  to  an 
inch,  or  bo  many  inches  to  a  mile. 

44.  Tann  Snrrtyi.  If  these  arc  of  small  extent,  two  chains  to 
one  inch  {which  is  =  i-^^-tr,  =  rL  =  ^'  1.584)  is  convenient. 

A  scale  of  one  chain  to  one  Inch  (1 :  702)  is  oseftil  for  plans  of  buildings. 
Three  chaiLB  to  one  inch  (1 : 2,876)  is  suitable  for  larger  farms.  It  is  the 
ecale  preacribed  by  the  En;{lish  Tithe  CoramisBioDers  for  their  flrft-olaae 
ma|)a. 

In  France,  the  Gadtutre  Survovs  ore  lithographed  on  a  scale  about  equiv- 
alent to  this,  beinB  1 : 2,60n.  Tlio  ori^tinal  plans  are  drawn  to  a  scnle  of 
1 :  5,000.  Finns  for  the  rtii-isinn  of  property  are  made  on  the  former  scale. 
■When  the  district  exceeds  3.000  acres,  the  scale  iH  1  :  10.000.  When  it  ei- 
cee^H  7,GO0  acres,  tlie  scale  is  1 :  20.000.  A  common  scale  in  France  foi 
Bmall  surveys  is  1 ;  1,000,  aboat  H  chain  to  1  inch. 
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46.  State   fiorveri.    On  these  sorveys  smaller  scales  are  necsBsarily 

On  the  United  State*  Cuast  and  Geodetic  Sarvey  all  the  scales  are  ex-' 
pressed  fractionallr  and  decimallr.  "  The  survejs  are  generally  platted 
oriKinallj  on  a  scale  of  one  to  ten  or  twenty  thousand,  bnt  in  some  instances 
tlie  scale  is  larger  or  smaller. 

'^  These  original  snrveys  are  reduced  for  engraving  and  pnhlication,  and, 
when  issued,  are  embraced  in  three  general  classes:  1,  small  harbor- charts; 
2,  charts  o(  bays  and  soands ;  and,  8,  the  General  Ooaat  Charts. 

"  The  scalea  of  the  fln't  class  vary  from  1 :  10,000  to  1 :  60,000,  according 
to  the  nature  of  tbo  harbor  and  the  different  'ibjeirts  to  be  represented. 

■'  Where  there  are  many  shoals,  rocks,  or  otiier  objects,  as  in  Nantucket 
Harbor  and  Hell  Gate,  or  where  the  importance  or  the  harbor  makes  it  neces- 
sary, a  larger  scale  of  1 :  6,000, 1 :  10,000,  and  1 :  20,000  is  used.  But  where, 
from  the  size  of  the  harbor  or  its  case  of  access,  a  smaller  one  will  point  ont 
every  danger  with  sntBcieat  exactness,  the  scales  of  1 :  40,000  and  1 :  00,000 
are  used,  as  in  the  case  of  New  Bedford  Harbor,  Oat  and  Ship  Island  Uar- 
l>or,  New  Haren,  etc. 

"  The  scale  of  the  second  class,  in  consequence  i>f  the  large  areas  to  be 
represented,  v  usually  fixed  at  1 :  80,000,  as  in  the  case  of  New  York  Bay, 
Delaware  Bay  and  River.  Preliminary  charts,  however,  are  issued  of  various 
scales  from  1  :  80,000  to  1  :  200,000. 

"  Of  the  third  class,  the  scale  is  fixed  at  1 :  400,000  for  the  General  Chart 
of  the  Coast  from  Gay  Head  to  Cape  Henlopen,  althoagh  considerations  of 
the  proiimity  and  importance  of  points  oo  tlio  coast  may  change  the  scales 
of  chart-"  of  other  portions  of  our  extended  coast." 

The  National  Sarvey  of  Qreat  Britain  is  called,  from  the  corps  employed 
an  it,  the  "  Onlnance  Survey." 

The  "Ordnance  Survey"  of  tiie  southern  counties  of  England  waa 
platted  on  a  scale  of  2  inches  to  1  mile  (I :  .11,680),  and  reduced  for  publi- 
cation to  that  of  1  inch  to  a  mile  (1 :  63,360}.  The  scale  of  6  inches  to  a 
mile  (1 :  10,680)  was  adopted  for  the  northern  counties  of  England  and  for 
the  southern  counties  of  Scotland.  The  same  scale  was  employed  for  plat- 
ting and  engraving  in  outline  the  "Ordnance  Survey"  of  Ireland,  Bnt  a 
map  on  a  scale  of  1  inch  to  1  mile  (1  :  68,380)  is  now  published,  the  former 
scale  rendering  the  maps  feio  unwiehly  and  cumbrous  for  consultation. 

The  Ordnance  Survey  of  Scotland  vas  at  first  platted  on  a  scale  of  6 
inches  to  1  mile  (1 :  10,660).  That  scale  has  Muce  been  abandoned,  and  it  is 
now  platted  on  a  Scale  of  2  inches  to  1  mile  (1 :  81,680),  and  the  general  maps 
are  made  to  only  half  that  scale. 

The  Ordnance  Survey  scale  for  the  maps  of  London  and  other  large  towns 
'a  5  feet  to  1  mile  (1 :  1.056),  or  1 J  chain  to  1  inch. 

In  the  "  Snrveys  under  the  Public  ilealtli  Act "  of  Englnnd,  the  scale  for 
Hie  general  plan  is  3  feet  to  1  mile  (1  :  2,640) ;  and  for  the  detailed  plan  10 
feet  per  mile  (1  ;  628i,  or  f  of  a  chain  pftr  inch. 

The  Government  Survey  of  Frimee  is  jjlatted  to  a  acaie  of  1 :  20,000. 
.  opies  are  made  to  1 :  40,000 ;  and  the  maps  arc  engraved  to  a  seal*  o* 
- :  80.000.  or  about  9  of  an  inch  to  I  mile- 
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Oaseini'B  famous  map  of  Franua  was  on  a  scale  of  1 ;  88,400. 
The  French  War  Deparlment  Eimplo;  the  Bcales  of  1  r  10,000,  1 :  20,000 
1 :  40,000,  and  1 :  90,000  for  the  topography  of  France. 

46.  Aftilnod  Snrvepi.  For  these  the  New  York  Bailrood  Uw  of  1880 
directs  the  horizootal  scale  of  maps  wliich  are  to  be  filed  in  the  State  Engi- 
neer's OffioB  to  be  600  feet  to  ^,  iif  a  foot  (=  1 :  6,000),  and  vertical  scale 
for  profiles  to  be  100  feet  to  Vi  of  a  foot  (=  i :  1,000). 

For  the  New  York  Canal  Maps  a  horizontal  scale  of  2  chains  to  1  inch 
(1 :  1,391),  and  a  vertioal  eoale  of  30  feet  to  1  inch,  are  employed. 

The  parliamentary  ■'standing  orders"  prescribe  the  jilans  of  railroads, 
prepared  for  parliaioenrary  purposes,  to  be  made  on  a  scale  of  not  less  than 
4  inches  to  the  mile  (1  :  15,840) ;  and  the  enlarged  portions  (as  of  gardens, 
court-yards,  etc.)  to  be  on  a  soale  not  araallt-r  than  400  feet  to  the  inch 
(l:4,e00>.  Accordingly,  the  practice  of  English  railway  engineers  is  to 
draw  the  whole  plan  to  a  scale  uf  6  chains,  or  893  feet  to  the  inch  (1  :  4,752), 
as  being  just  within  the  parliaincDtarv  limits. 

In  France,  the  engineers  of  "  Bridges  and  Roads  "  (Corps  des  Ponls  et 
ChauBs6es)  employ  for  the  general  plan  of  a  road  a  scale  of  1  :  5,000,  and  for 
appropriations,  1  :  600. 

la  the  United  States  Snginsw  Serrioe  the  following  plans  are  pre- 
Bcribed :  General  plana  of  bnildings,  1  inch  to  10  feet  ( 1  :  120). 
Maps  of  grounds,  with  horizontal  cnr?es  one  foot  i^iart,  1  inch  to  50  feet 

(1  :  600). 
Topographical  maps,  one  mile  and  a  half  square,  2  feet  to  1  mile  (I  :  2,840). 
Do.,  comprising  three  miles  square,  1  foot  to  one  mile  (1 :  6,280), 
Do.,  between  four  and  eight  miles  square,  6  inches  to  one  mile  (1  :  10,5fl0). 
Do.,  comprising  nine  milea  square,  4  inches  to  one  mile  (1  :  15,840). 
Maps  not  excei'ding  S4  miles  square,  3  inc^hes  to  one  mile  (1  :  S1,S80). 
Maps  compri.iing  50  miles  square,  1  inch  to  one  mile  (1  :  63,880). 
Maps  comprising  100  miles  square,  \  inch  U>  one  mile  (1  :  120,720). 
Surreys  of  roads,  canals,  etc.,  1  inch  to  50  feet  (1  :  800). 

47.  The  most  convenient  scales  of  eqaal  parts  are  those  of  box- 
wood, or  ivory,  which  have  &  fiducial  or  feather  edge,  along  which 
thoy  are  divided,  bo  that  distances  can  be  at  once  marked  off  from 
this  edge,  without  requiring  to  be  taken  off  with  the  dividers  ;  or 
the  length  of  a  given  line  can  be  at  once  read  oft.  Box-wood  ia 
preferable  to  ivory,  as  much  less  liable  to  warp,  or  to  vary  in  length 
with  changes  in  the  moisture  in  the  air. 

The  stndent  can,  however,  make  for  himself  platting-scales  of 
drawing-paper,  or  Bristol  board.  Cut  a  straight  strip  of  tliis  mate- 
rial, about  an  inch  wide.     Draw  a  lino  throucrh  its  middle,  and  set 
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off  on  it  a  number  of  equal  parts,  each  represeoting  a  chain  to  the 

deaircd   scale.      Subdivide   the  left-hand  division  into  ten  equal 

Fio.  ss. 


part*,  each  of  which  will  therefore  represent  ten  links  to  this  scale. 
Through  eiich  point  of  division  on  the  central  line,  draw  (with  the 
T-square)  perpendiculars  extending  to  the  edges,  and  the  scale  is 
made.  It  explains  itself.  The  above  figure  is  a  scale  of  3  chains 
to  1  inch.  On  it  the  distance  220  links  would  extend  between  the 
arrow-heads  above  the  line  in  the  figure  ;  560  links  extend  between 
the  lower  arrow-heads,  etc. 

A  paper  scale  has  the  great  advantage  of  varying  less  from  a 
plat  which  has  been  made  by  it,  in  consequence  of  changes  in  the 
weather,  than  any  other.  The  mean  of  many  trials  showed  the 
diSerence  between  suoli  a  scale  and  drawing-paper,  when  exposed 
alternately  to  the  damp  open  atmosphere,  and  to  the  air  of  a  warm 
dry  room,  to  be  equal  to  '005,  while  that  between  box>wood  scales 
and  the  paper  was  -OlS,  or  nearly  2}  times  ae  mnch.  The  differ- 
ence with  ivory  would  have  been  even  greater. 

Some  of  the  more  usual  platting-scales  are  here  given  in  their 
actual  dimensions. 

In  these  five  figures,  different  methods  of  drawing  the  scalea 


Fib.  iA.—Sailt  of  1  thorn  la  1  imA. 
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have  been  given,  but  each  method  may  be  applied  to  anj  scale. 
The  first  and  second,  being  the  most  simple,  are  generally  the  beat. 
In  the  third  the  subdivisions  are  made  by  a  diagonal  line  :  the  dis- 
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tances  between  the  various  pairs  of  arrow-heads,  beginning  with  the 
uppermost,  are  respectively  310,  540,  and  270  links. 
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In  the  fonrth  fignre,  the  distances  between  the  arrow-heads  an 
respectively  310,  270,  and  540  links. 

Fio.  %i.—aade  of  9  ihiAta  to  1  uuA. 
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In  the  fifth  figure,  the  Bcale  of  S  chains  to  1  inch  is  subdivided 
diagonally  to  only  every  quarter-chain,  or  25  links.     The  distance 
Fia.  26'.— &B&a/^rA<wutoi  JRrA. 


k 

'iTI 

between  the  upper  pair  of  arrow-heads  on  it  is  13J  chains,  or  12-25  j 
between  the  next  pair  of  arrow-beads  it  is  6-50;  and  between  the 
lower  pair  14-75. 


Fio.  27.— Soofe  0/5  dl 
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A  diagonal  scale  for  dividing  an  inch,  or  half  an  inch,  into  100 
eqnal  parts,  is  found  on  the  "plain  scale"  in  every  case  of  instra- 
menU. 

48.  Temier  Boale.  This  is  an  ingenions  substitute  for  the  diag- 
onal scale.  The  one  given  in  the  following  figure  divides  an  inch 
into  100  equal  parts,  and,  if  each  inch  be  supposed  to  represent  a 
chain,  it  gives  single  links. 

Maka  a  pcale  of  an  inch  divided  into  tenths,  as  in  the  upper 
scale  of  the  above  fignre.  Take  in  the  dividers  eleven  of  these 
divisions,  and  set  off  this  distance  from  the  0  of  the  scale  to  the 
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left  of  it.     Divide  the  distance  thus  set  off  into  10  eqnal  parU. 
Each  of  them  will  be  one  tenth  of  eleven  tenths  of  one  inch,  i.  e., 


rag 
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eleven  bnndredths,  or  a  tenth  and  a  hnadredth,  t^od  the  first  di- 
vision  on  the  short,  or  vernier  scale,  will  overlap,  or  be  longer  than 
the  first  division  on  the  long  scale,  b;  just  one  hnndredth  of  an 
inch  ;  the  second  division  will  overlap  two  handrcdths,  and  so  on. 
The  principle  will  bo  more  fnlly  developed  in  treating  of  "  Ver^ 
niers." 

Now,  suppose  we  wish  to  take  oS  from  this  scale  2T5  hundredths 
of  an  inch.  To  get  the  last  figure,  we  must  take  five  divisions  on 
the  lower  scale,  which  will  be  65  hundredths,  for  the  reason  just 
given ;  220  will  remain,  which  are  to  be  taken  from  the  upper 
scale,  and  the  entire  number  will  be  obtained  at  once  by  extending 
the  dividers  between  the  arrow-heads  in  the  figure  from  220  on  the 
upper  scale  (meaanring  along  its  lower  side)  to  55  on  the  lower 
scale  ;  254  would  extend  from  310  on  the  upper  scale  to  44  on  the 
lower ;  318  would  extend  from  230  on  the  upper  scale  to  88  on  the 
lower.  Always  begin  then  with  subtracting  11  times  the  last  figure 
from  the  given  number;  find  the  remainders  on  the  upper  scale, 
and  the  number  subtracted  on  the  lower  scale. 

49.  A  plat  is  somotimes  made  by  a  nominally  rednced  scale  in 
the  following  manner  :  Suppose  that  the  scale  of  the  plat  is  to  be 
ten  chains  to  one  inch,  and  that  a  diagonal  scale  of  inches,  divided 
into  tenths  and  hundredths,  is  the  only  one  at  hand.  By  dividing 
all  the  distances  by  ten,  this  scale  can  then  be  used  without  any 
further  reduction.  But  if  the  content  is  measured  from  the  plat 
to  the  same  scale,  in  the  manner  explained  in  the  next  chapter,  the 
resnlt  must  be  mnttiplied  by  10  times  10.  This  is  called  by  old 
snrvflyorB  "raising  the  scale,"  or  "restoring  true  measure." 
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60.  Sectoral  SobIm.  The  Sector  (called  by  the  French  "Coni- 
pasfi  of  Proportion")  is  an  instrument  sometimes  convenient  for 
obtaining  a  scale  of  equal  parts.  It  is  in  two  portions,  turning  on 
a  hinge,  like  &  carpenter's  pocket-rule.  It  contains  a  great  num- 
ber of  scales,  but  the  one  intended  for  this  use  is  lettercil  at  iu 
ends    L    in    English    instru- 


ments, and  consists  of  two 
lines  rnnning  from  tlic  center 
to  the  ends  of  the  scale,  and 
each  divided  into  ten  equal 
parts,  each  of  which  is  again 
subdivided  into  ten,  so  that 
each  leg  of  the  scale  contains 
100  equal  parts.  To  illustrate 
its  use,  suppose  that  a  scale 
of  7  chains  to  1  inch  is  re- 
quired. Take  1  inch  in  the  dividers,  and  open  the  sector  till 
this  distance  will  just  reach  from  the  7  on  one  leg  to  the  7  on  the 
other.  The  sector  is  then  " net"  tor  this  scale,  and  the  angle  of 
its  opening  must  not  be  again  clianged.  Now  let  a  distance  of 
680  links  be  required.  Open  the  dividers  till  they  reach  from  58 
to  58  on  the  two  legs,  as  in  the  dotted  line  in  the  figure,  and  it 
is  the  required  distance.  Again,  suppose  that  a  scale  of  3^ 
chains  t«  1  inch  is  desired.  Open  the  sector  so  that  1  inch  shall 
extend  from  35  to  35.  Any  other  scale  may  be  obtained  in  the 
same  manner. 

Conversely,  the  length  of  any  known  line  to  any  desired  scale 
can  thns  be  readily  determined. 


61,  Whatever  scale  may  be  adopted  for  platting  the  survey,  i( 
should  be  drawn  on  tiie  map,  both  for  convenience  of  reference 
and  in  order  that  the  contraction  and  expansion  caused  by  changes 
in  the  quantity  of  moisture  in  the  atmosphere  may  affect  the  scale 
and  the  map  alike.  When  the  drawing-iiaper  has  been  wet  and 
glued  to  a  board,  and  cut  off  when  the  map  is  completed,  its  con- 
tractions have  been  found  by  many  observations  to  average  froni 
one  fourth  to  one  half  per  cent  on  e  scale  of  3  chains  to  an  inch 
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(1  :  2,376).  vhicb  would  therefore  require  an  allowance  of  from  one 
half  perch  to  one  perch  per  acre. 

A  scale  made  as  directed  in  Art.  17,  if  need  to  mi,ke  a  plat  on 
unstretched  paper,  and  then  kept  with  the  plat,  will  answer  nearly 
the  same  purpose. 

Such  a  scale  may  be  attached  to  a  map  by  slipping  it  through 
two  or  three  cuts  in  the  lower  part  of  the  sheet,  and  will  be  a  very 
convenient  substitute  for  a  pair  of  dividers  in  meaenriug  any  dift- 
tance  upon  it. 

58.  Scale  <nnitted.  It  may  be  required  to  find  the  unknown 
scale  to  which  a  given  map  has  been  drawn,  its  superficial  content 
being  known.  Assume  any  couveuient  scale,  measure  the  hnes  of 
the  map  by  it,  and  find  the  content  by  the  methods  to  be  given  in 
the  next  chapter,  proceeding  as  if  the  assumed  scale  were  the  true 
one.  Then  make  this  proportion,  founded  on  the  geometrical 
principle  that  the  areas  of  similar  figures  are  aa  the  squares  of  their 
corrcsiK>nding  sides  :  As  the  content  found  is  to  the  given  content, 
so  is  the  square  of  the  assumed  scale  io  the  square  of  the  true  scale. 

OALOUIiATIKO  THE  CONTENT. 

58.  The  CoNTBNT  of  a  piece  of  ground  is  its  superficial  area, 
or  the  number  of  square  feet,  yards,  acres,  or  miles  which  it  con- 
taius. 

M.  Horisoatal  Heuorentent  All  ground,  however  inclined  or 
uneven  its  surface  may  be,  should  be  measured  horizontally,  or  as 
if  brought  down  to  a  horizontal  plane,  so  that  the  surface  of  a  hill. 
thus  measared,  would  give  the  same  content  as  the  level  base  on 
which  it  may  be  .'Supposed  to  stand,  or  as  the  figure  which  would 
be  formed  on  a  level  surface  beneath  it  by  dropping  iilumb-lines 
from  every  point  of  it. 

This  method  of  procedure  is  required  for  both  geometrical  and 
social  reasons. 

OeometrictUly,  it  is  plain  that  this  horizontal  measurement  is 
absolutely  necessary  for  the  pui'j>ose  of  obtaining  a  correct  plat. 
In  Fig.  30;  lot  A  B  C  D  and  B  0  £  F  bo  two  square  lotit  of  ground, 
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.,  of  equal  sides,  and  composed 
Fio.  8S.  Fia  ss. 


platted  horizontally.     Suppose  the  ground  to  slope  in  all  direction; 

from  the  point  C,  which  is  the  summit  of  a  hill.     Then  the  lines 

B C,  DC,  measured  on  the  slope,  are 

A ^a, f     longer  than  if  measured  on  a  level, 

and  the  field  A  BCD,  of  Fig.  30, 
platted  with  these  long  lines,  would 
take  the  shape  A  B  G  D  in  Fig.  31  ; 
and  the  field  B  C  E  F,  of  Fig.  30, 
would  become  B  H  E  F,  of  Fig.  81. 
The  two  adjoining  fields  would  thus 
overlap  each  other  ;  and  the  same 
difiiculty  would  occur  in  every  case 
of  platting  any  two  adjoining  fields 
by  the  measurements  made  on  the 
"       "*  slope. 

Let  as  suppose  another  case,  more  simple  than  would  ever  occur 
in  practice,  that  of  s  three-sided  fiel 
of  three  portions,  each  sloping 
down  uniformly  (at  the  rate  of 
one  to  one)  from  one  point  in 
the  center,  as  in  Fig.  33.  Each 
slope  being  accurately  platted,  the 
three  could  not  come  together,  but 
would  be  separated  as  in  Fig,  33. 

We  have  here  taken  the  most  simple  cases,  those  of  uniform 
slopes.  But  with  the  common  irregularities  of  uneven  ground, 
to  measure  its  actual  surface  would  not  only  be  improper,  but  im- 
possible. 

Id  the  social  aspect  of  this  question,  the  horizontal  measure- 
ment is  justified  by  the  fact  that  ao  more  houses  can  bo  built  on  a 
hill  than  could  be  built  on  its  flat  base ; 
and  that  no  more  trees,  corn,  or  other 
plants,  which  shoot  up  vertically,  can  grow 
on  it ;  as  is  represented  by  the  vertical 
lines  in  the  figure.*     Even  if  a  side-hill 

9  old.  Cor  Polyblua  writM :  "  Some 
on  of  BUlee,  or  placed  at  the  head 


^urMttk 


*  Thig  question  is  more  than  two  thousand  yea 
n  of  tboce  who  are  employed  in  tlie  administra 
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should  prodaco  more  of  certain  creeping  plants,  the  increased 
difficulty  in  their  cultivation  might  perhaps  balance  this.  For 
this  reason  the  surface  of  the  soil  thus  measured  is  sometimes 
called  the  productive  base  of  the  ground. 

Again,  a  piece  of  land  containing  a  hill  and  a  hollow,  if  meas- 
nrcd  on  the  surface,  would  give  a  larger  content  than  it  would 
after  the  hollow  had  been  filled  up  by  the  hill,  while  it  would  yet 
really  be  of  greater  valne  than  before. 

Horizontal  measurement  is  called  the  "  Method  of  Galtelli^ 
tion,''  and  superficial  measurement  the  "  Method  of  Development."  * 

An  act  of  the  State  of  New  York  prescribes  that  "  the  acre,  for 
land-measure,  shall  be  measured  horizontally." 

fi6.  Unit  of  Content.  The  Acre  is  the  anit  of  lahd-measare- 
meut.  It  contains  4  Boode.  A  Rood  contains  40  Perches.  A 
Perch  ie  a  square  Rod  ;  otherwise  called  a  Pole.  A  Bod  is  6| 
yards,  or  16|  feet. 

Hence,  1  Acre  =  4  Roods  =  160  Perches  =  4,840  square  yards 
e  43,560  square  feet 

Oue  square  mile  =  5,280  X  5,280  feet  =  640  acres. 

Since  a  chain  is  66  feet  long,  a  square  chain  contains  4,356 
square  feet ;  and,  conseqaeutly,  ten  square  chains  make  one  acre.\ 

The  French  units  of  land-measure  are  the  Are  =  100  square 
Metres  =  0-0247  acre  =  one  fortieth  of  an  acre,  nearly  ;  and  the 
Hectare  =  100  Ares  =  2"47  acres,  or  nearly  two  and  a  half.  Their 
old  land-measures  were  the  "  Axpent  of  Paris,"  containing  36,800 
square  feet;  and  the  "  Arpent  of  Waters  and  Woods,"  containing 
55,000  square  feet 

66.  When  the  content  of  a  piece  of  land  (obtained  by  any  of  the 
methods  to  be  explained  presently)  is  given  in  square  links,  as  is 

of  uiDiei,  tma^e  tbst  uneqiml  4tid  hilly  ground  will  coataia  more  houBes  tfaftn  ft 
■orface  irluch  is  flat  and  level.  This,  however,  h  not  the  truth.  For,  the  hoosee,  be- 
ing railed  in  a  vertical  line,  fonn  right  angles,  not  with  the  declivity  of  the  ground,  but 
with  the  flat  surfaoe  irhich  lies  below,  and  upon  which  the  hills  themselveB  alio  stand.* 

*  The  tanner  from  evlUUum,  a  knife,  as  if  Uie  bills  were  sliced  off ;  the  latter  m 
named  bac*use  it  strips  off  or  unfolds,  as  it  were,  the  surface. 

f  Let  the  fonng  student  )>cwarc  of  confounding  10  square  chains  witii  10  chains 
tqoare.    Tbe  Ibrmer  mfcka  one  acre ;  the  latter  spaw  contains  ten  acres. 
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customary,  cut  off  foar  figures  on  the  riglit  (i.  e.,  divide  by  10,000) 
to  get  it  into  square  chuins  and  decimal  parts  of  a  chain  ;  cut  off 
the  right-hand  figure  of  the  square  chains,  and  the  remaining  fig- 
area  will  bo  Acres.  Multiply  the  remainder  by  4,  and  the  figure,  if 
any,  outside  of  the  new  decimal-point  will  be  Roods.  Multiply  the 
remainder  by  40,  and  the  outside  figures  will  be  Perches.  The 
nearest  round  number  is  usually  taken  for  the  Perches  ;  fractions 
less  than  a  half-perch  being  disregarded.* 

Thus,  86-^3  square  chains  =  8  Acres  %  Boods  20  Perches. 

Also,   64-1818        do.  =  6  A.        1  R.         27  P. 

"       43-7564        do.  =  4  A,        1  R.        20  P. 

fi7.  Chain  Correction.  When  a  gnrvey  has  been  made,  and  the 
plat  has  been  drawn,  and  the  content  calculated ;  and  afterward 
the  chain  is  found  to  have  been  incorrect,  too  short  or  too  long, 
the  true  content  of  the  land  may  be  found  by  this  proportion  : 
As  the  square  of  the  length  of  the  standard  given  by  the  incorrect 
chain  is  to  the  square  of  the  trne  length  of  the  standard,  go  is  the 
calculated  content  to  the  true  content.  Thus,  suppose  that  the 
chain  used  had  been  so  stretched  that  the  standard  distance  meas- 
ured by  it  appeare  to  be  only  99  links  long  ;  and  that  a  square  field 
had  been  measured  by  it,  each  side  containing  10  of  these  long 
chains,  and  that  it  had  been  so  platted.  This  plat,  and  therefore 
the  content  calculated  from  it,  will  bo  smaller  than  it  should  be, 
and  the  correct  content  will  bo  found  by  the  proportion  99'  : 
100'  : :  100  square  chains  :  102'03  square  chains.  If  the  chain  hud 
been  stretched  so  a'5  to  be  101  true  links  long,  as  found  by  com- 
paring it  with  a  correct  chain,  the  content  would  be  given  by  this 
proportion  :  100' :  101'  : :  100  square  chains  :  102'01  square  chains. 
In  the  former  case,  the  elongation  of  the  chain  was  l^ij  true  links  ; 
anj  100"  :  (101^)'  :  -.  100  square  chains  :  102-03  square  chains. 

58.  Boundary-Lines.  The  lines  which  are  to  bo  considered  as 
bounding  the  land  to  be  surveyed  are  often  very  uncertain,  unless 
specified  by  the  title-deeds. 

*  To  reduce  square  yards  to  acres.  mBtesd  of  dividing  by  4.640,  it  Is  cnsirr.  and 
very  nearly  correct,  to  multipi;  by  2,  Cut  oS  loot  BgUTea,  and  add  to  tliiH  produce  OIM 
third  of  one  tenth  of  itself. 
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If  the  bouodary  be  a  brook,  the  middio  of  it  is  usually  the 
boondary-line.  On  tirlo-watere,  the  laud  Ib  usually  considered  to 
extend  to  low- water  mark. 

Where  hedges  and  ditches  are  the  boundaries  of  fields,  as  is 
almost  univGrsally  the  case  in  England,  the  dividing  lino  is  gen- 
erally the  top  edge  of  the  ditch  farthest  from  the  hedge,  botti 
hedge  and  ditch  belonging  to  the  field  on  the  hedge  side.  This 
varies,  however,  with  tho  customs  of  the  locality.  From  three  to 
six  feet  from  tho  roots  of  tho  quick-wood  of  the  hedges  are  allowed 
•  for  the  ditches. 

Methods  ot  Calcalation. 

69,  The  various  methods  employed  in  calculating  the  content 
of  a  piece  of  ground  may  be  reduced  to  four,  which  may  bo  called 
Arithmetical,  Qeometricdi,  Instrumental,  aud  Trigonometrical. 

60.  FiBST  Method.— AbiTHHETICALLT.  From  direct  measure- 
ments of  the  necessary  lines  on  the  ground. 

The  figures  to  be  calculated  by  this  method  may  be  either  the 
shapes  of  the  fields  which  are  measured,  or  those  into  which  the 
fields  can  be  divided  by  measuring  various  linos  across  them. 

The  familiar  rules  of  mensuration  for  the  principal  figures 
which  occur  in  practice  will  be  now  briefly  enunciated. 

61.  Beotangles.  If  the  piece  of  gronod  be  rectangalar  in  shape,  iU  con- 
tent is  found  by  inulti|il}-iDg  its  leugrh  bj  iia  breadth. 

62.  Triasglea.  When  the  given  quantities  are  one  side  of  a  trian;;le 
and  till!  perpendicular  distance  to  it  from  the  opposite  nngle,  the  content  of 
the  triangle  ia  equ^il  to  haif  the  product  of  the  side  and  the  perpendicular. 

When  the  given  quantities  are  the  three  sidHSof  the  triangle,  tidd  to- 
gether the  three  aides  and  divide  the  sum  by  2;  from  tliis  half  sum  sab- 
tract  each  of  tho  tlireo  sides  in  turn;  mnltiply  together  the  half  sum  and  tlie 
three  remainders ;  take  tlie  square  root  of  the  pruduot :  it  is  the  content  le- 
quired.  If  the  ^des  of  the  triangle  be  designated  by  a,  b,  e,  and  their  sum 
by  «,  this  rule  wilt  give  its  area  =  ^  [i»  (it  t-  a) 

Wlien  two  aides  of  a  triangle  and  tlie  included 
angle  are  given,  its  content  equals  half  the  prod- 
uct of  its  sides  into  the  sine  of  the  included  an- 
gle.    Designating  the  angles  of  the  triangle  by 
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tb«  capital  letters  A,  B,  C,  and  the  aides  oppotitc  them  hy  the  coireBpondiDg 

NDoIl  letter*  a,  (,  e,  tlie  area  =  ^  b  •;  un.  A. 

When  ODS  side  of  a  triHogle  and  the  adjacent  angles  are  given,  its  content 

equals  the  square  of  Che  given  ode  mulUplied  b;  the  riues  of  each  of  the 

given  angles,  and  divided  by  twice  the  sine  of  the  sam  of  these  anglea.  U«ng 

..  ,,,,.,  .sin.  B.  sill.  C. 

thesainesTinboiBasbefore,  the  area  =  ii*      .     /«  ,  r.^- 

When  tiie  three  angles  of  a  triangle  and  its  altitude  are  ^ven,  its  area,  re- 
ferring to  the  above  figure,  =  J  B  D' .  -; — -^-^ .  — =  , 

63.  PftrsUell^nDU,  or  foar-aded  figures  whose  opposite  sides  are  par- 
allel. The  content  of  a  Paralielograni  equals  the  product  of  one  of  its  sides 
by  the  perpendicular  distance  between  it  and  tlie  side  parsUel  to  it. 

64^  Trapaioidi,  or  fonr-aiiled  flgarea,  two  opposite  sides  af  which  are 
parallel.  The  content  of  a  Trapezoid  equals  half  the  product  of  the  sum  of 
the  parallel  sides  hj  the  perpendicular  distance  lietwcen  (hem. 

If  the  given  quantities  are  the  four  sides  n,  h,  e,  d,  o(  which  h  sad  d  are 
parallel ;  then,  making  q  =  \[a  +  h  +  c  —  d),  the  area  of  the  trapezoid 

will  - 1^  V  to  (?-«)(»-')(?- S  +  fll. 

When  two  parallel  sides,  h  and  d,  and  a  third  side,  a,  are  gives,  and  also 
tbe  angle  C,  vrhioh  this  third  side  makes  with  one  of  the  paruUel  sides,  then 

b-\-d 
the  content  of  tbe  trapesold  =  — —  .  a  ,  sin.  C. 


66.  TnipMillllK;  fonr-sided  figures,  none  of  nhose  sides  are  parallel. 

A  very  gross  error,  often  oDnimitted  as  to  this  figure,  is  to  take  the  aver- 
age, or  holt  sum  of  it"  opposite  sides,  and  miiltiplj  them  together  for  the 
are»:  thns,.  assnraing  the  trapezinm  to  be  equivalent  to  a  rectangle  with 
tbeee  averages  for  sides. 

In  practical  surveying,  it  is  usual  to  measure  n  line  across  it  from  corner 
to  corner,  thus  dividing  it  into  two  triangles,  whose  sides  are  known,  and 
which  can  therefore  be  calculated  by  Art.  82. 

What  tao  oj^xmte  tidet,  and  all  the  angUi  art  given,  take  one  side  and 
iti  Htli^cent  angles  (or  their  supplements,  when  their  snni  exceeds  180°),  wil- 
der them  as  belonging  to  a  trianple,  and  Dnd  its  area  bv  the  second  formula 
in  Art  62.  Do  tbe  same  with  the  other  side  and  its  adjacent  angles.  The 
difference  of  the  two  areas  will  he  the  area  of  the  quadrilateral. 

WAea  three  fidet  and  their  tao  included  anglet  are  given,  multiply  together 
the  sine  of  one  given  angle  and  its  ndj  icent  sides.  Do  the  same  with  the 
sine  of  the  other  given  angle  and  iti  ndjacant  sides.  Multiply  together  the 
two  opposite  sides  and  the  sine  of  the  supplement  of  the  sum  of  the  given 
angles.  Add  togetlier  the  first  two  products,  and  add  also  the  last  product, 
if  thesnm  of  the  i-iven  angles  is  more  than  180°,  or  subtract  it  if  thiasum  be 
leas,  and  take  half  the  result.     Calling  the  ^vun  sides  p,  q,  r,  and  the  angle 
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between  p  and  ?  =  A  ;  and  the  angle  between  q  and  r  =  B ;  the  &rea  of  the 
qaadrilateral 

■=  i  [p  ■  ?  sin-  A  +  J  .  r  .  sin.  B  ±  p  .  r  «n.  (180°  —  A  —  B)]. 
When  thtfour  tide*  and  the  *um  of  any  ttea  oppotiU  angltt  art  jrtMn,  pro- 
ceed  thiu:  Take  half  the  sum  of  tbe  four  given  sides,  sod  from  it  snbtract 
each  side  in  tarn.  Mnltiply  together  the  foor  remainders,  and  reserve  the 
product.  Mnltipl;  together  the  fonr  sides.  Take  half  tht;ir  product,  and 
maltipljr  it  by  the  ooaine  of  tbe  given  enm  of  the  angles  increased  b;  unity. 
Regsj-d  the  dgn  of  the  cosine.  Snbtract  this  product  from  t^e  reserved 
prodaet,  and  take  the  aqaare  root  of  the  remainder.  It  will  be  the  area  of 
the  quadrilateral. 

When  the  fmtr  tide*  and  the  angle  of  interMtiioti  qf  the  diagonaU  ^  ih* 
quadrilateral  are  given,  square  esoh  side;  add  togetiier  tlie  squares  of  the 
opposite  sides ;  take  the  difference  of  the  two  sums ;  mnltipl?  it  by  the  tan- 
gent of  the  angle  of  intersection,  and  divide  b;  four.  The  qootient  will  be 
the  area.  , 

When  the  diagonal*  oftAt  quadrilateral  and  their  included  angle  an 
finen,  multiply  together  the  two  diagonals  and  the  sine  of  their  inolnded 
angle,  and  divide  by  two.    The  quotient  will  be  the  are& 

66.  Skcoitd  Hethdd.— ObohetbiCALLT.  Ihm  metuaremattM 
of  tie  necessary  Uitea  upon  the  plat. 

67.  Divition  Into  Triangle*.  The  plat  of  a  piece  of  gronnd 
hariDg  been  drawn  from  the  measarements  made  by  any  of  the 
methods  which  will  be  hereafter  explained,  lines  may  be  drawn 
upon  the  plat  bo  as  to  divide  it  into  a  number  of  triangles.  Foar 
ways  of  doing  this  are  shown  in  the  fignres,  viz. :  by  drawing  lines 


from  one  comer  to  the  other  comers  ;  from  a  point  in  one  of  tiie 
sides  to  the  comers  ;  from  a  point  inside  of  the  figure  to  the  cor* 
ners  ;  and  from  varions  comers  to  other  corners.  The  last  method 
is  nsnally  the  beat.  The  lines  ought  to  be  drawn  so  as  to  make 
the  triangloB  as  nearly  equilateral  as  possible. 

One  side  of  each  of  these  triangles,  and  the  length  of  the  per- 
pendioolor  let  fall  upon  it,  being  then  measured,  the  content  of 
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these  triangles  can  be  at  once  obtained  by  multiplying  their  base  bj 
their  altitude,  and  dividing  by  two. 

The  easiest  metlioJ  of  Reitiag  tlie  len^h  of  the  perpendicular,  withoat 
ftctuallj  drawing  it,  is  to  set  one  point  of  tlie  dividers  at  tbe  angle  from 
which  a  |ierpeoi)tcalar  ia  to  be  let  fall,  and  to  open  and  shot  their  legs  tilt  an 
arc  deaoribed  bv  the  other  point  will  just  touch  ihe  opposite  side. 

Otherwise,  a  platting  scale  mnj  be  placed  so  that  the  zero-point  of  its 
ed;^  coiDcidea  with  the  angle,  and  one  of  its  cross-lines  coincides  with  the 
side  to  which  a  perpendicular  ia  to  be  drawn.  The  length  of  the  perpen- 
diouler  can  tLen  at  once  be  read  off*. 

The  method  of  dlvidiog  the  plot  into  triangles  is  the  one  most  commonly 
employed  hj  anrvejors  for  obtdning  the  conteut  of  a  survey,  becanse  of  tbe 
eimpUcit;  of  the  calculations  rcqnired.  Ite  correctness,  however,  is  depend- 
ent on  the  accuracy  of  the  plat,  and  on  its  scale,  which  sbonld  be  as  large  aa 
possil'le.  Three  chains  to  an  inch  is  thc^mnllest  scale  allowed  by  the  Eng- 
lish Tithe  Commiasioaers  for  plats  fruio  which  the  content  is  to  be  de- 
terra  in  ed. 

In  calculating  in  this  way  the  oontenl  of  a  farm,  and  also  of  its  separate 
flelda,  the  satn  of  the  latter  ought  to  equal  tlie  former.  A  difference  of  one 
three- hundredth  {^,)  is  considered  allowable. 

Some  Hiirveyors  measure  the  perpendiculars  of  the  triangles  by  a  scale 
half  of  that  to  which  *.he  pint  la  mnde.  Thus,  if  the  ^cale  of  the  plat  be  two 
chains  to  the  mch,  tbe  perpendiculars  are  meaaured  with  a  scale  of  one  chain 
to  the  inch.  Tlio  product  of  tbe  base  by  the  perpendicular  thus  measured, 
gives  the  area  of  the  triangle  at  once,  without  its  requiring  to  be  divided 

Another  way  of  attaining  the  aame  end,  with  less  danger  of  mietakes,  ia  to 
construct  a  nea  scsle  of  equal  parts,  longer  than  those  by  which  the  plat  was 
mode  In  the  ratio  ^3  :  1;  or  1'4'14  :  1.  When  the  base  and  perpendicnlnr 
offl  triangle  are  measured  by  this  new  scale,  and  then  multiplied  together. 
the  product  will  be  the  content  of  tbe  triangle,  wttbont  any  division  by  two. 
In  this  method  there  is  the  additional  advantage  of  the  greater  size  and  con- 
s^quent  gri!ater  distinctness  of  the  scale. 

When  the  measurement  of  a  plat  ia  made  some  time  after  it  has  been 
drawn,  the  paper  will  eery  probably  have  contracted  or  eipanded  so  that 
the  scale  used  will  not  exactly  npply.  In  that  case  a  correction  ia  necessary. 
Measure  very  precisely  tbe  present  longtb  of  some  line  on  the  plat,  of  known 
length  originally.  Then  malte  this  proportion  ;  A»  the  square  of  the  present 
length  of  this  line  u  to  the  square  of  its  original  length,  *o  U  tbe  content 
obtained  by  the  present  measurement  to  the  true  content. 

68.  Graphienl  MultiplieiUum.  Prepare  a  strip  of  drawing-paper,  of  a 
width  exactly  equal  to  two  chains  on  the  f^cale  of  the  plat;  i.  e.,  one  inch 
wide,  as  in  the  figure,  for  H  scale  of  two  chains  to  one  inch ;  two  thirda  of  an 
Inch  wide  for  a  acnio  of  three  chains ;  half  an  inch  for  four  chains,  and  ao  on. 
Draw  {lerpendicular  lines  across  tbe  paper  at  di;ltancc^4  representing  one  tenth 
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of  a  cbun  on  the  Rcale  of  the  trian<;le  to  be  mcasared,  tbns  making  a  ))lat- 
ting  scale.  Applj  it  to  tlie  triangle  ko  tliat  one  I'dge  of  tijc  scale  ehntl  paw 
through  one  cornur,  A,  i)f  the  triungje,  and  the  other  eiige  throngh  another  cor- 
ner, B ;  and  note  very  |)reciaely  what  divisions  of  the  scale  are  at  these  points. 
Then  sliits  the  scale  in  such  a  waj  that  the  points  of  the  scale  which  had 
cotneidi>d  ttith  A  and  U  shall  alA'ajs  remain  on  the  line  B  A  prodnced,  till 
i.ha  kA'^  arrives  at  the  point  C.    Then  will  A'  C — that  is,  the  distance,  or 

Fia.  40. 


nnmber  of  divisions  on  the  scale,  from  the  point  to  which  the  division  A  on 
the  scale  boa  arrived,  to  the  third  corner  of  the  triangle — express  the  area  of 
the  triangle  A  B  0  in  square  chuns. 

For,  from  C  draw  a  parallel  to  A  B,  meeting  the  edge  of  the  scale  in  C, 
and  draw  C  B.  Then  the  given  triangle  A  B  C  =  A  B  C.  Bnt  the  area  of 
this  last  triangle  =  A  C  multiplied  bj  half  the  width  of  the  wale.  I.e., 
=  A  C  X  1  =  A  C.  But,  because  of  the  paritliels,  A'  0  =  A  C,  therefore 
the  area  of  the  given  triangle  A  B  C  =  A'  C ;  i.  e.,  it  is  eipial  in  square  chains 
to  the  number  of  linear  chains"  read  off  from  the  scale.  This  ingenious  opera- 
tion is  due  to  Jf.  Oovtinery. 

69.  DiTiaion  into  Trapezoids.  A  line  may  be  drawn  across  the 
Seid,  as  in  Fig.  41,  and  perpendiculars  drawn  to  it.     The  field 
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will  thus  be  divided  into  trapezoids  (excepting  a  triangle  at  each 
end),  and  their  content  can  be  calculated  by  Arl.  64. 

Otherwise  :  a  line  may  be  drawn  outside  of  the  figure,  and  per- 
pendicnhirs  to  it  be  drawn  from  each  angle.  In  that  case  the 
difference  between  the  traj^ezoids  formed  by  lines  drawn  to  the 
ont«r  angles  of  the  figure,  and  those  drawn  to  the  inner  angles, 
will  be  the  content. 


70.  Diviaion  into  Sqturet.    Two  nets  of  parallel  lines,  at  right  aoglee 
to  each  otber,  one  chain  apart  (to  the  scale  of  tbe  plat)  may  bo  <lrawn  ov«r 
the  plat,  BO  as  to  divide  it  into 
Fio.  48.  squares,  as  id  the   figare.     The 

number  of  squares  wliicli  foil  with- 
in the  plat  rrpresent  so  many 
square  rhaius ;  and  the  triangles 
and  trapezoids  which  fall  ont^de 
of  tliese  maj  then  be  oalcnlnted 
and  added  to  the  entire  square 
chains  which  have  been  counted. 

Instead  of  drawing  the  parallel 
lines  on  tbe  plat,  thej  may  better 
be  drawn  on  a  piece  of  transparent 
"  tracing-paper,"  whiph  is  simply 
laid  upon  the  plat,  and  the  square* 
counted  as  before.  The  same  pa- 
per will  answer  for  any  number  of  plats  drawn  to  the  same  scale.  This 
method  is  a  valuable  and  e&f^y  check  on  the  results  of  other  calculations. 

To  calculate  the  fraciiotial  parts,  prepare  a  piece  of  tracing-paper,  or 
glasft,  by  drawing  on  it  one  square  of  the  same  size  as  a  sqmire  of  the  plat, 
and  subdividing  it,  by  two  s^ts  of  ten  parallels  at  right  angles  to  each  other, 
into  hundredths.  This  will  measure  the  fractions  reindning  from  the  former 
measurement,  as  nearly  as  i-an  be  dedred. 
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71.  Divinon  into  PantUelogTUiia.    Draw  a  series  of  parallel  llnec 
across  tbe  plat  at  equal  distances  depending  on  the  scale.    Thus,  for  a  plat 
made  to  a  scale  of  2  chains  ti>  1  inch,  the  distance 
between  tbe  parallels  should  bo  2^  inches ;  for  a  p,„  ^^ 

scale  of  8  chains  to  1  inch,  IJ-  inch  ;  for  a  scale 
of  4  chains  to  I  inch,  f  inch ;  for  a  scale  of  5 
ohaius  to  1  inch,  -^  inch ;  and  for  any  scale,  mniie 
the  distance  between  the  parallels  thnt  fraction 
of  an  inch  which  wmild  be  expressed  by  10  divided 
by  the  square  of  the  number  of  chains  to  the  inch. 
Then  apply  a  comtiion  inch  «nnle,  dividcil  on  the 
edge  into  tentlis,  to  these  paralK-ls :  and  every  inch 
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ia  leTigth  of  tbe  apaceB  ioclnded  between  each  pair  of  tliein  will  be  an  acre, 
and  every  tentb  of  tu  Inch  will  be  n  square  ctaaia. 

For,  oalltng  tbe  number  of  chains  to  the  inch,  =  r,  and  making  the  widUi 
10  10  10 

between  the  parallels  —  inch,  tliia  width  will  represent—  x  «s= —  ohains  ; 

and  AS  the  inch  length  represents  n  chains,  their  product,  - 

chains  =  I  acre. 

To  measure  the  triangles  at  tbe  ends  of  the  strips  between  the  parallels, 
prepare  a  piece  of  glass,  or  ati>Dt  traciog-paper,  of  a  width  equal  to  the 
width  between  tbe  parallels,  and  draw  a  line  through  its  middle  lODgitndi- 
aally.  Apply  it  to  the  oblique  line  at  the  end  of  the  space  between  two 
parallels,  and  it  will  bisect  the  line,  and  thus  reduce  the  trinngle  to  an  eqniva> 
lent  rectangle,  as  at  A  in  the  figure.  When  an  angle  occurs  lietween  two 
parallels,  as  at  B  in  tbe  fignre,  the  fraclJonal  part  may  be  measured  br  any 
of  tlie  preceding  methods. 

A  somewhat  similar  method  iamnch  used  b?  some  surreyo  ',  particularly 
in  Ireland — tbe  plat  being  made  on  a  scale  of  G  chains  U>  1  inch,  parallel  lines 
being  drawn  on  it,  half  an  inch  apart,  and  the  distances  along  the  paritllels 
(King  measured  by  a  scale,  each  large  division  of  wbicb  is  -^  inch  in  lengtL 
Eich  division  of  this  scale  indicates  an  acre ;  for  it  repre:«ents  4  chains,  and 
the  distance  between  the  paralleb  is  2^  chains.  This  scale  ie  called  th« 
"  Scale  of  Acres." 

78.  Addition  of  Widtiu.  When  the  lines  of  the  plat  are  very  irregn- 
larl;  curved,  as  in  the  figure,  draw  across  it  a  nnmiier  of  equidistant  lines, 
as  near  together  as  tJie  case  may 

seem  to  require.    Take  a  strwght-  FW.46. 

eiiged  piece  of  paper,  and  apply  one 
edge  of  it  to  the  middle  of  the  llrst 
space,  and  mark  its  length  from  one 
end;  apply  the  same  edge  to  the 
middle  of  the  next  space,  bringing 
tbe  mark  Just  made  to  one  end,  and 
making  anotlier  mark  at  t&e  end  of  tbe  addiHooal  length ;  so  go  on,  adding 
the  length  of  each  space  to  the  previous  ones.  When  all  have  been  thus 
measured,  the  total  length,  multiplied  by  the  nniform  width,  will  give  the 
content. 

78.  Third  Hbthod.— Instbuhehtallt. 

tain  instrumental  operations  on  the  plat. 

74.  Reduction  of  a  many-sided  figure  to  a  single  equivalent 
triangle.  Any  plane  figure  bonDded  bj  etraigbt  lines  may  be  re- 
dnced  to  a  single  triangle,  which  Bhall  have  the  same  content. 
Thia  can  be  done  by  any  instmmeot  for  drawing  parallel  lines. 


By  performittg  cer- 
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Let  the  trapezium,  or  four-sided  figure,  shown  in  Fig.  46,  be  re- 
quired to  be  reduced  to  a  single  equivalent  triangle.  Produce  one 
side  of  the  figure,  as  4 — 1. 
Draw  a  line  from  the  first  to  the 
third  angle  of  the  figure.  From 
the  second  angle  draw  a  parallel 
to  the  line  just  drawn,  cutting 
the  produced  side  in  a  point  I'. 
From  the  point  1'  draw  a  line  to 
the  third  angle.  A  triangle  (1' — 
3  —  4  in  the  figure)  will  thus  be 
formed,  which  will  be  equivalent  to  the  original  trapezium. 

For,  the  triangle  1  —  2  —  3  taken  away  from  the  original  figure 
is  equivalent  to  the  triangle  1' — 1 — 3  added  to  it ;  because  both 
these  triangles  have  the  same  base  and  also  the  same  altitude,  since 
the  vertices  of  both  lie  in  the  same  line  parallel  to  the  base. 
The  con tentof  this 
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final  triangle  can  then 
be  found  by  measur- 
ing its  perpendicular, 
and  taking  half  the 
product  of  this  per- 
pendicular by  thebase. 


Let  the  given  figure 
have  five  rides,  aa  in  Fig. 

VI.  For  brevity,  the  angles  of  the  figure  wUt  be  named  as  unrabered  In  tho 
engraving.  Produce  5  —  1.  Join  1  —  3.  From  3  draw  a  parallel  to  1  —  3, 
atittinii  the  prodnoed  base  in  1'.  Join  1' — 4.  From  3  draw  a  parallel  to  it, 
cattinf;  the  base  in  2'.  Join  2' — 4.  Ilion  will  the  triangle  2' — 4 — 5  be 
equivalent  to  tlio  five-aided  figure  1 — 2  —  8  —  4  —  6,  for  simiUr  reaaons  to 
thoae  of  the  preceding  oaae. 

Let  the  given  figure  be  1  —2 — 8 — 4 — B  — 6 — 7  —  8,  as  shown  in 
Fig.  48.  All  the  operations  are  shown  bj  dotted  lines,  and  the  finally 
reaultang  triangle,  5' — ?  — 8,  ia  equivalent  to  the  original  flgore  of  eight 
sides. 

It  ia  best,  in  choosing  the  side  to  be  produced,  to  take  one  n-blch  haa  a 
long  nde  adjoining  it  on  the  end  not  produced  ;  so  tliat  this  long  aide  maj 
form  one  Hide  of  the  final  triangle,  the  base  of  which  will  therefore  be 
shorter,  and  will  not  be  cut  sn  acutely  by  the  final  line  drawn,  as  to  make 
tb«  point  of  Intersection  too  indefinite. 
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7fi.  General  Rule.  When  the  giveo  fignre  has  many  sides,  with 
angles  sometimes  salient  and  sometimes  re-enteriog,  the  operationa 
of  redaction  are  Tery  liable  to  errors  if  the  dranghtsman  attempts 
to  reason  out  each  step.  All  difficulties,  however,  will  be  removed 
by  the  following  Oeneral  Rule : 

1.  Produce  one  side  of  the  figure,  and  call  it  a  base.  Call  one 
of  the  angles  at  the  base  the  first  angle,  and  number  the  rest  in 
regular  succession  u^jund  the  fignre. 

2.  Draw  a  line  from  the  1st  angle  to  the  3d  angle.  Draw  a 
parallel  to  it  from  the  3d  angle.  Call  the  intersections  of  this 
parallel  with  the  base  the  1st  mark. 

3.  Draw  a  line  from  the  1st  mark  to  the  4th  angle.  Draw  a 
parallel  to  it  from  the  3d  angle.  Its  intersection  with  the  base  ia 
the  %]  mark. 

4.  Draw  a  line  from  the  3d  mark  to  the  5th  angle.  Draw  a 
parallel  to  it  from  the  4th  angle.  Its  intersection  with  the  base  is 
the  3d  mark. 

6.  In  general  terms,  which  apply  to  every  step  after  the  first, 
draw  a  line  from  the  last  mark  obtained  to  the  angle  whose  nnmber 
is  greater  by  three  than  the  nnmber  of  the  mark.  Draw  a  parallel 
to  it  through  the  angle  whose  number  is  greater  by  two  than  that 
of  the  mark.  Its  intersection  with  the  base  will  be  a  mark  whose 
nnmber  is  greater  by  one  than  that  of  the  preceding  mark. 

In  the  concise  language  of  algebra,  draw  a  line  from  the  nth 
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mark  to  the  n-\-Z  angle.  Draw  a  parallel  to  it  through  the  n-|-3 
angle,  and  the  intersection  with  the  base  will  be  the  n-\-\  marlc. 

6.  Bepeat  thiB  process  for  each  angle,  till  you  get  a  maxk  whose 
number  is  BQcb  that  the  angle  having  a  namber  greater  by  three  is 
the  last  angle  of  the  tignre — i.  e.,  the  angle  at  the  other  end  of  the 
baae.  Then  join  the  last  mark  to  the  angle  which  precedes  the 
last  angle  in  the  figure,  and  the  triangle  thus  formed  will  be  the 
equivalent  triangle  required. 

In  practice  it  is  unnecessary  to  actually  draw  the  Hues  joining 
the  successive  angles  and  marks,  but  the  parallel  ruler  is  merely 
laid  on  so  as  to  pass  through  them,  and  the  points  where  the  par* 
allels  cut  the  base  are  alone  marked. 

78.  It  is  generall;  a 


Fid.  19. 


9  coDvenLent  to  retloce  half  of  the  fif^re  on  one 
side  and  half  on  the  other,  as  is  shown  in 
Fig.  49,  which  represente  the  Bame  field 
as  Fig.  47.  The  equivalent  triangle  is 
here  1'— 8  — 2'. 

When  the  figure  has  many  angles,  they 
should  not  be  numbered  consecutively  all 
tbe  nay  aruand,  bat,  after  the  numbers 
have  gone  nround  as  far  as  tlie  angle 
where  it  is  intended  to  have  the  vertex 
of  the  final  triangle,  the  numbers  should 
be  continued  from  the  other  angle  o(  the 
base,  as  is  shown  in  Fig.  60.  !a  it  only 
the  intersections  are  inarlced. 
A  figure  with  carved  boundaries  inny  be  retluced  to  a  triangle  in  a  similai 
tnauner.  Straight  lines  must  be  drawn  about  the  fignre,  so  as  to  be  paitly  id 
Fiu.  60. 
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it  and  partly  oat,  gtvinK  and  taking  about  equal  quantities,  bo  thnt  the  figure 
which  these  lines  form  bIioII  be  about  equivalent  to  the  cun'tid  figure.    Tbia 


haviag  been  done,  the  equivalent  Btraight-lined  figure  is  reduced  by  the  above 
method. 

It  is  sometimea  more  convenient  not  to  produce  one  of  the  *''*■  "'■ 
eidea  of  the  figure,  but  to  draw  at  one  end  of  it,  as  at  the  point 
1  in  Fig.  51,  an  indefiuite  line,  usuall  j  a  perpendicular,  to  a  line 
joining  two  diatiint  angles  of  the  figure,  and  make  this  line  the 
baseof  the  equivalent  triangle  desired.  The  operation  is  shown 
by  the  dotted  lines  in  the  figure.  The  aaine  General  Rule  ap- 
plies to  it  as  to  the  previous  figures. 

77.  Special  Initnuuents.  A  variety  of  instrnmente 
have  been  invented  for  the  purpose  of  deteftnining 
areaa  rapidly  and  correctly. 

One  of  the  simplest  is  the  "  Computing  tkale,^^  which  is  on 
the  same  priucipies  sa  the  Method  of  Art  71.  It  ia  repre- 
sented in  Fig.  6S.  It  consists  of  a  scale  divided  for  its  whole 
length  from  the  zvro-point  into  divisions,  each  representing 
SI  chains  to  the  scaJe  of  the  plat.  The  scale  carries  a  slider, 
which  moves  along  it,  and  has  a  wire  drawn  across  its  center 
at  ri^lit  kngles  to  the  edges  of  the  scale.  On  each  side  of  this 
wire  a  jiortion  of  t)ie  slider,  eqnal  in  length  to  one  of  the 
prim:irv,  Or  2^  chain,  divisions  of  the  scale,  is  laid  off  and  di- 
vided into  40  ciiual  parts. 

This  instrniiierit  is  used  in  connection  with  a  sheet  of  trans- 
parent papf  r,  ruled  with  parallel  lines  at  distances  apart  eacli 
equal  to  one  chain  on  tlie  scale  of  the  plat.  It  ia  plain  that 
when  the  instrument  is  laid  on  this  paper,  with  its  edge  on  one 
of  the  parallel  lines,  and  the  slider  is  moved  over  one  of  the 
divisions  of  2]^  chaini',  that  one  rood^  or  a  quarter  of  an  acre, 
has  been  measured  between  two  of  the  parallel  lines  on  tiie 
paper  (since  10  square  chains  make  one  acre) ;  and  that  one  of 
the  smaller  divisions  measures  one  perch  lietween  the  same 
parallels.  Four  of  the  larger  divisions  give  one  acre.  The  scale 
is  generally'  made  long  enough  to  measure  at  once  five  acres. 
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To  apply  thlg  to  the  plat  of  a  field,  or  farm,  lay  the  tranBparent  paper 
over  it  in  tucb  a  poBitlon  that  two  of  the  ratud  lines  shall  touch  two  of  the 
exterior  points  of  the  booDdariee,  as  at  A  and  B.  Laj  the  scale,  with  the 
elide  set  to  zero,  on  the  paper,  Id  a  dIroclioD  parallel  to  the  ruled  lines,  and 
eo  that  the  wire  of  the  slide  onts  the  left-liund  oblique  line  so  as  lo  make  the 
spaoea  o  and  d  about  equal.  Hold  the  scale  firm,  and  move  the  slider  till  the 
wire  cats  the  right-baud  oblique  line  in  such  a  way  as  to  equalize  the  spares 
0  and/.  Without  changing  the  slide,  move  the  scale  down  the  width  of  a 
space  and  to  the  left-htwil  end  of 
Fio.  (SS.  the  next  space  \  be^  there  again, 

and  proceed  as  I>efore. 

So  go  on,  till  the  whole  length 
of  the  scale  is  run  out  (five  abrea 
having  t)een  nieasurod),  and  then  be- 
gin at  the  right-hand  dde  and  work 
backward  to  the  left,  reading  the 
lower  divisions,  which  run  np  to  ID 
acres.  B;  ooatinning  this  proceea, 
the  content  of  plats  of  an;  size  can 
be  obtained. 

A  stjll  nmplor  sabstitute  for  this 
is  a  scale  similarlv  divided,  bat  with- 
out an  attached  slide.  In  place  of 
it  there  is  need  a  piece  of  gl^iss,  having  a  line  drawn  across  it  and  riveted  to 
the  end  of  a  short  soale  of  l>ox-wood,  divided  like  the  former  slide.  It  is 
nsed  like  the  former,  except  that,  at  starting,  the  zero  of  the  short  soale  and 
not  the  line  on  the  glas»  is  made  to  coincide  with  the  zero  of  the  long 
soale.    The  slide  is  t«  be  held  fast  to  the  instrument  when  this  is  moved. 

78.  Flanimeten  These  determine  the  area  of  anj  figure, 
whether  bounded  by  etraight  lines  or  curved,  by  merely  moTing 
a  point  around  the  ontline  of  the  surface.  This  causes  motioa  in 
a  train  of  wheel-work,  which  registers  the  algebraic  sum  of  the 
product  of  ordinates  to  every  point  in  that  perimeter,  by  the  incre- 
ment of  their  abscissas,  and  therefore  measures  the  included  space. 

There  are  several  varieties  of  these  instrumente.  One  of  the 
best  of  them  is  Amsler's  Polar  Planimeter.  (For  descriptions  and 
theory  of  Planimeters,  see  "Mechanical  Integrators,"  by  Henry 
8.  H.  Shaw.) 

79.  A  purely  mechanical  means  of  determining  the  area  of  any 
surface  by  means  of  its  weight,  may  be  placed  here.  The  plat  is 
cut  out  of  paper  and  weighed  by  a  delicate  balance.  The  weight 
of  a  rectangular  piece  of  the  same  paper  containing  just  one  acre 
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IS  also  fouDd ;  and  the  "Kule  of  Three"  gives  the  content.  A 
modification  of  this  is  to  paste  a.  tracing  of  the  plat  on  thin  sheet- 
lead,  cat  out  the  lead  to  the  proper  lines  and  weigh  it 

80.  FODBTH  Method.— TRiaOKOMETBICALLT.  By  calculating, 
from  the  observed  angles  of  the  boundaries  of  the  piece  of  ground, 
the  lengths  of  the  lines  needed  for  calculating  the  content. 

This  method  is  employed  for  surveys  made  with  angular  inetra- 
menta,  as  the  compass,  etc.,  in  order  to  obtain  the  content  of  the 
land  surveyed,  without  the  necessity  of  previously  making  a  plat, 
thns  avoiding  both  that  tronble  and  the  inaccuracy  of  any  calcula- 
tions founded  upon  it.  It  is  therefore  the  most  accurate  method ; 
but  will  be  more  appropriately  explained  in  Part  I,  Chapter  III, 
osder  the  head  of  "  Compass  Surveying." 
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CHAPTER  IL 

OBAlIf-SVSVSrfNS ;   BY  TBB  FIRST  ANT}  SSCOlfD  KETSODS  :   OB 
DIAOONAL  AND   PERPENDICULAR   SUBVEFINO. 

8L  The  chain  alone  ia  abundantly  sufficient,  without  the  aid 
of  any  other  iastrament,  for  making  an  accarate  survey  of  any 
Burface,  whatever  its  shape  or  size,  particularly  in  a  district  tolera- 
bly level  and  clear.  Moreover,  eince  a  chain,  or  some  Bubetitute 
for  it,  formed  of  a  rope,  of  leather  driving-reins,  etc.,  can  be  ob- 
tained by  any  one  in  the  most  secluded  place,  this  method  of  sur- 
veying deserves  more  attention  than  has  usually  been  given  to  it, 

BgBVBYINO  BT  DIAOOITALS:  OB  BT  THE  ITBST  HBTHOD. 

88.  Surveyinff  hy  Diagonals  is  an  application  of  the  First 
Method  of  determining  the  position  of  a  point,  given  in  Art.  3,  to 
which  the  student  ahanld  again  refer.  Eacli  corner  of  the  field  or 
farm  which  is  to  be  surveyed  is  "determined"  by  measuring  its 
distances  from  two  other  points.  The  field  is  then  "  platted  "  by 
repeating  this  process  on  paper,  for  each  corner,  in  a  contrary  or- 
der, and  irhe  "content"  is  obtained  by  some  of  the  methods  ex- 
plained in  Cnapter  I. 

The  lines  which  are  measured  in  order  to  determine  the  cor- 
ners of  the  field  are  nsually  sides  and  diagonals  of  the  irregular 
polygon  which  is  to  be  surveyed.  They  therefore  divide  it  up  into 
triangles ;  whence  this  mode  of  surveying  is  eometimes  called 
"  Chain  Triangulation." 

A  few  examples  will  make  the  principle  and  practice  perfectly 
clear.    Each  will  be  seen  to  requii-e  the  three  operations  of  n 
mg,  platting,  and  calculating. 
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A  three^ided  field;  as  Fig.  64. 

Fittd-iBori.     MeaHdre  the  three  HideB,  A  B,  B  0,  and  0  A.    Meaaore  abo, 
as  a  prooMioe,  tbe  diBtanoe  from  one  of  tbe  comers,  as  C,  to  Bome  point  in 
the  oppoeite  eide,  as  D,  at  which  a  mark  slioold 
Ijave  been  loft,  when  measuring  from  A  to  B,  Fio.  04. 

at  a  known  distance  fr»ni  A.  A  stick  or  twig, 
with  a  slit  in  its  top,  to  receive  a  piece  of  paper 
with  the  distance  from  A  marked  on  it,  is  tbe 
most  convenient  mark. 

Platting.  Choose  a  snitnble  scale.  Then 
draw  a  line  oqunl  in  length,  on  tbe  chosen  scale,  to  one  of  tbe  aides ;  A  B, 
for  example.  Take  in  the  compasses  tbe  length  of  another  side,  as  A  C,  to 
the  same  schIo,  and  with  one  leg  in  A  hh  a  center,  describe  an  arc  of  a  circle. 
Take  tlie  length  of  the  third  side,  B  0,  and,  with  B  as  a  center,  describe  an> 
other  are,  intersecting  the  first  arc  in  a  point  which  will  be  the  third  comer 
G.  Dr^iw  the  lines  A  0  and  B  C ;  and  .\  B  0  will  be  the  plat,  or  rainiatnre 
copy  of  the  field  surveyed. 

Instead  of  describing  two  arcs  to  get  the  point  0,  two  purs  of  compasses 

may  be  convenientlj'  nsed.    Open  them  to  the  lengths,  respectively,  of  the 

last  two  sided.     Pnt  one  foot  of  each  at  the  ends  of  tbe  first  aide,  and  bring 

.   their  other  feet  together,  and  their  point  of  meeting  will  mark  the  desired 

third  point  of  the  triangle. 

To  "  prove  "  the  aocnrao;  of  the  work,  fix  the  point  D,  bj  setting  off  from 
A  the  proper  distance,  and  measore  the  length  of  the  line  DO.  If  its  length 
on  the  pUt  C'lrresponds  to  its  meiunremeDt  i>n  tbe  ground,  the  work  is  cor- 
rect. 

It  is  a  aaiversal  principle,  in  all  snrvejing  operations,  that  the  work  mast 
be  tested  b;  some  means  independent  of  the  original  process,  and  that  the 
same  result  mnat  he  arrived  at  b;  two  different  methods.  The  necessarjr 
length  of  this  proof-line  can  also  easily  be  calculated  by  the  princijiles  of 
trigonometry. 

Caleulaturn.  Tbe  content  of  the  field  may  now  be  fonnd,  either  from 
the  three  sides,  or  more  easily  thongh  not  so  accurately,  by  measnring  on 
tbe  plat,  the  length  of  the  perpendicular  C  E,  let  fall  from  any  angle  to  tbe 
opposite  side,  and  taking  half  the  product  of  these  two  lines. 

Example  1.  Fig.  54  is  the  plat,  on  a  scale  of  two  ohtuns  to  one  inch, 
of  a  field,  of  which  tbe  side  A  B  is  200  links,  B  C  is  100  links,  and  A  0  is  160 
links.  Us  content,  by  the  rnle  nf  Art.  62,  is  0726  of  a  square  chain,  or 
0  A.  OR.  12  P.  If  tbe  perpendicular  GE  be  accurately  measured,  it  will  be 
fonnd  to  be  72)-  links.  Half  ihe  product  of  this  perpendicalar  by  the  base 
will  be  found  to  give  the  same  content. 

Ex.  2.  The  three  sides  of  a  triangular  field  are  respectively  86'39,  64'08, 
and45'e8.    Re<|aire<1  its  content,  An*.  lOOA.  OR.  lOP. 

A  four-sided  field ;  as  Fig.  65. 

FUtd^teork.  Measure  the  tour  sides.  Measui-e  also  a  diagonal,  as  A  C, 
thus  dividing  tbe  fonr-sided  field  into  two  tj'iangles.  Measure  also  the  other 
diagonal,  or  B  D,  for  a  "  proof-line." 

Plaiting.    Draw  a  line,  as  A  G,  equal  in  length  to  the  diagonal,  to  any 
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scale.    On  eaob  ride  of  it  oooMract  a  triangle  with  die  sides  of  the  field,  as 
directed  al>o*e. 

To  prove  the  acoaraoj  of  the  work,  meaaore  od  the  plat  the  length  of 
the  "proof-line,"  BD,  and  if  it 
Fio.  60.  agrees  with  the  length  of  the  same 

line  iiieasured  on  the  gronnd,  the 
Seld-work  and  platting  are  both 
proved  to  be  correct 

Calculation.  Find  the  content 
of  eocli  triangle  Kparattil;,  ea  in 
the  preoediog  case,  and  add  tbem 
together ;  or,  more  briefly,  mul- 
tiplj  either  diagonal  (the  longer 
one  to  preferable)  by  the  aam  of  the  two  perpend icnlara,  and  divide  the  prod- 
uct by  two. 

Othernrise :  redace  the  four-sided  flgure  to  one  triangle,  as  in  Art  74 ;  or, 
tiM  any  of  the  methods  of  the  preceding  chapter. 

Es.  3.  In  ttie  field  drawn  in  £1g.  fiO,  on  a  scale  of  3  chains  to  the  incli, 
AB  =  se8  links,  80  =  310,0  0  =  430,  DA  =  274,  the  diagonal  A  G=  aS6, 
and  the  proof  diagonal  B  D  =  600.  The  total  content  will  be  1  A.  0  B.  17  P. 
&.  4.  The  «dea  of  a  four-wded  field  are  A  B  =  13-41,  B  0  =  5-68,  C  D 
=  8-25,  DA  =  4-24;  the  diagonal  BD=  11-56,  and  the  proof-lme  AO 
=  11-04.     Roqolred  the  content  Ant.  4  A.  3  R.  38  P. 

Kt.  B.  The  rideaof  afonr-sideil  field  are  as  follows:  AB  =  8-96,  BC 
=  6-88,  0 D  =  10-10.  DA=8-54;  the  diagonal  from  A  to  0  is  11-52;  the 
proof  diagonal  tram  B  to  D  is  10'9tl.     Required  the  oontent        Ant. 

Ex.  6.  In  a  fonr-Bided  field,  A  B  =  7'68,  B  0  =  409,  C  D  =  1084.  0  A 
=  7-24,  A0  =  10-S2,BD  =  10-74.     Reqniml  the  content.  Am. 

A  many-faded  ield,  as  Fig.  66. 

FUtd-vork.    Ueaanre  all  the  sides  of  the  field.    Heaanre  also  diagooali 
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•Dongb  to  <llTtde  the  field  into  trianglw,  uf  whicb  tbere  will  alwajs  be  two 
lets  than  the  onmber  of  sides.  Oboose  such  djagosHlB  aa  will  divide  the 
field  into  triaoglea  as  nearly  equilateral  as  possible.  Measure  also  one  or  more 
diagonals  for  *'  proof-llneB."  it  is  well  for  the  sarveyor  hitiiself  to  place 
stakes  in  advuioe  at  all  the  oornera  of  the  field,  as  he  can  then  select  the 
beat  mode  of  division. 

Plattirtff.  Begin  with  aoj  diagonal  and  plat  one  triangle.  Plat  a  sec- 
ond triangle  adjoining  the  first  one.  Plat  another  adjaoenl  triangle,  and  so 
proceed  till  all  have  been  laid  down  in  their  proper  places.  Measure  the 
proot-lines  os  before. 

Oaleulatioti.  Proceed  tu  calculate  the  content  of  the  figore,  precisely  as 
directed  for  the  four-sided  field,  measuring  the  perpendiculars  and  oalonlatiDg 
the  content  of  each  triangle  in  turn ;  or  taking  in  pairs  those  on  ojiposite 
•ides  of  the  suae  diagonal ;  or  nsiag  some  of  the  other  methods  which  hare 
been  explained. 

Ez.  7.  The  aix-sided  field,  shown  in  Fig,  56,  has  the  lengths  of  its  lines, 
in  chains  and  links,  written  upon  them,  and  is  divided  into  fonr  triangles, 
bj  throe  diagonals.  The  diagonal  B  E  is  &  "proof-line."  The  figure  is  drawn 
to  a  scale  of  4  ohaing  to  the  inch.    The  content  of  the  field  is  S  A.  8  R.  22  P. 

Ee.  8.  In  a  five-sided  field,  the  lengths  of  the  sides  are  aa  follows :  A  B 
=  2-66,  B0=  1-22,  0  0  =  2-33,  D  E  =  8-SS,  EA=3-28.  The  diagonals 
are  A  D  =  4'81,  B  D  =  8-SS.    Reqnired  its  content  An*. 

A  field  may  be  divided  up  into  triangles,  not  only  by  measuring  diagonals 
as  in  the  lost  figure,  but  by  auj  of  the  methods  shown  in  the  four  figures  of 
Art.  67.  The  one  which  we  have  been  employing  corresponds  to  the  last  of 
those  figures. 

Still  another  mode  may  be  used  when  the  angles  can  not  be  seen  from 
one  another,  or  from  any  one  point  within.  Take  two  or  more  convenient 
points  within  the  field,  and  measure  from  them  to  the  comers,  and  thus 
form  different  sets  of  triangles. 

Keeping;  the  Fleld-lTotes, 
83.  B;  Bksteh.  The  moet  simple  method  is  to  make  a  sketch 
of  the  field,  as  nearl;  correct  aa  the  nnaBsisted  hand  and  eye  can 
prodace,  and  note  down  on  it  the  lengths  of  all  the  lines,  as  in 
Fig.  66.  Bnt  whea  many  other  points  require  to  be  noted,  such  aa 
where  fences,  or  roads,  or  streams  are  crossed  in  the  measurement, 
or  any  other  additional  particulars,  the  sketch  would  become  con- 
foaed,  and  be  likely  to  lead  to  mistakes  in  the  subsequent  platting 
from  it.  The  following  is  therefore  the  osnal  method  of  keeping 
the  Seld-notes.     A  long,  nai-row  book  is  most  convenient  for  it. 

B4.  In  Oolumiu,  Draw  two  parallel  lines,  about  an  inch  apart 
from   the   bottom   to   the   top  of  the  page  of  the  field-book,  as 
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in  the  margin.  This  column,  or  pair  of  lines,  may 
be  conceived  to  represent  the  meaeured  line,  »plit  in 
two,  it£  two  halves  being  then  separated,  an  inch 
apart,  merely  for  convenience,  bo  that  the  distances 
measured  along  the  line  may  be  written  between  these 
halves. 

UoM  the  book  in   the  direction  of  the  measure- 
ment.    At  the  bottom  of  the  page  write  down  the 
name,  or  number,  or  letter,  which  represents  the  station  at  which 
the  survey  is  to  begin. 


A  "station"  is  marked  with  a  triangle  or  circle, 
as  in  Uie  margin.     The  latter  is  more  easily  made. 


In  the  complicated  cases,  which  will  be  hereafter  explained,  and 
in  which  one  long  base-line  is  measured,  aud  also  many  other  sab- 
ordinate  lines,  it  will  be  well,  as  a.  help  to  the  memory,  to  mark  the 
stations  on  the  base-line  with  a  triangle,  and  the  stations  on  the 
other  lines  with  the  ordinary  circle. 

The  station  from  which  the  measure-  O      to'R 

ments  are  made  is  usually  put  on  the  left 
of  the  column  ;  and  the  station  which  ie 
measured  to,  is  put  on  the  right.  From  A 

But  it  is  more  compact,  and   avoids  interfering 
with  the  notes  of  "  offsets"  (to  be  explained  here-        " 
after),  to  write  the  name  or  number  of  the  station  in       j^ 
the  column,  as  in  the  margin. 

The  measurements  to  different  points  of  a  line  are  j  B 
written  above  one  another.  The  numbers  all  refer  g-n 
to  the  beginning  of  the  line,  and  are  counted  from  loo 
il.  I     A 

The  end  of  a  measured  line  is  marked  by  a  line  drawn  across 
the  page  above  the  numbers  which  indicate  the  measurements 
which  have  been  made. 

If  the  chaining  does  not  continue  along  the  adjoining  line,  but 
the  chain-men  go  to  some  other  part  of  the  field  to  begin  anothei 
measurement,  two  lines  are  drawn  across  the  page. 
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When  a  line  has.  been  measured,  the  marks 
r  or  T  are  made  to  show  whether  the  following 
line  turns  to  the  right  or  to  the  left. 

A  line  is  named,  either  by  the  names  of  the  sta- 
tions between  which  it  is  measured,  as  the  line  . 
A  B  ;  or  by  its  length,  a  line  56S  links  long,  being 
called  the  line  562  ;  or  it  is  recorded  as  Line  No.  1, 
Line  No.  2,  etc.  ;  or  as  Line  on  page  1,  3,  etc, 
of  the  field-book. 

When  a  mark  is  left  at  any  point  of  a  line,  as 
at  D,  in  Fig.  49,  with  the  intention  of  coming  back  - 
to  it  again,  in  order  to  measure  to  some  other  point, 
the  place  marked  is  called  a  False  Station,  and 
is  marked  in  the  field-book  "F.  S."  ;  or  has  a  line 
drawn  around  it,  to  distinguiBh  it ;  or  has  a  sta- 
tion mark  A  placed  outside  of  the  column,  to  the 
right  or  left,  according  to  the  direction  in  which 
the  measnremcnt  from  it  ia  to  be  made.  Examples 
of  these  three  modes  are  given  in  the  margin. 

A  false  station  is  named  by  its  position  on.  the 
line  where  it  belongs  ;  as  thus — <-'  200  on  563." 

When  a  gate  occurs  in  a  measured  line,  the  distance  from  the 
beginning  of  the  line  to  the  side  of  the  gate  first  reached  is  the 
one  noted. 

When  the  measured  line  crosses  a  fence,  brook, 
road,  etc.,  they  are  drawn  on  the  field-notes  in 
their  true  direction,  as  nearly  as  possible,  but  not 
in  a  continuous  line  across  the  column,  as  in  the 
first  figure  in  the  margin,  but  as  in  the  second 
fignre,  eo  that  the  two  parts  wonld  form  a  con- 
tinnous  straight  line,  if  the  halves  of  the  "split 
line  "  were  brought  together. 

It  is  convenient  to  name  the  lines  in  the  mar- 
gin as  being  Sides,  Diagonals,  Proof-lines,  etc. 

86.  The  field-notes  of  the  triangalar  field  plutted  in  Fig.  54  are  ^vea 
below,  according  to  both   the  methods  mentioned  in  the  preceding  ar< 
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In  tlie  fleM-notes  in  tbe  colamn  on  the  right  tituid,  it  is  not  Absolntely 
neoesaary  to  repeat  the  B  and  O. 
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86.  The  fleld-notea  of  the  aarvey  platted  in  Fig.  66  are  ^ven  below 
Tbej  begin  at  the  bottom  of  tbe  left-hand  oolumn. 
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ST.  Baroeying  by  Tie-Hnes  la  a  modification  of  the  method 
ezpl&iDed  in  the  Uat  chapter.  It  frequently  happens  that  it  is 
impossible  to  meaenre  the  diagonals  of  a  field  of  many  eides,  in 
coDBeqaence  of  obetacleB  to  meaanrementa,  such  as  wood^,  vater, 
honses,  etc.  In  ench  caseB,  "  He-lines "  (bo  called  becaose  they 
tie  the  Bides  together)  are  employed  as  BubetituteB  for  diagonals. 

Thas,  in  the  fonr-sided  field  Bfaown  in  the  Fi(>>  Bf- 

fignre,  the  diagonals  can  not  be  meaanred 
becaoae  of  woods  iaterrening.  As  a  Bnbsti- 
tnte,  meastire  off  from  any  conrenient  corner 
of  the  field,  as  B,  any  dietanoeE,  BE,  BF, 
along  the  sides  of  the  field.  Ueasore  also  ^ 
the  "tie-line"  EF.     Measure  all  the  sides  of  the  field  as  nsnal. 

To  plat  this  field,  constrnct  the  triangle  B  E  F,  as  in  Art.  83. 
Prodnce  the  sides  B  E  and  B  F,  till  they  become  reBpectiToly  equal 
to  B  A  and  B  C,  as  measnred  on  the  ground.  Then,  with  A  and  0 
as  centers,  and  with  radii  respectively  equal  to  AD  and  OD, 
describe  arcs,  whose  inteisectioa  will  be  D,  the  remuning  comer 
of  the  field. 

88.  It  thas  appears  that  one  tie-line  is  BufScicnt  to  determine  a 
foar-aided  field,  two  a  five-sided  field,  and  so  on.  But,  as  a  check 
on  errors,  it  is  better  to  measure  a  tie-line  for  each  angle,  and  the 
agreement,  in  the  plat,  of  all  the  measurements  will  prove  the  ao- 
curacy  of  the  whole  work. 

Since  any  inaccuracy  in  the  length  of  a  tie-line  is  increased  in 
proportion  to  the  greater  length  of  the  sides  which  it  fixes,  the  tie- 
lines  should  be  measnred  as  for  from  the  point  of  meeting  of  these 
sides  as  possible — that  is,  they  should  be  as  long  as  possible. 
The  radical  defect  of  the  system  is  that  it  is  "  working  from  less 
to  greater"  (which  is  the  exact  converse  of  the 
true  principle),  thus  magnifying  inaccuracies  at 
every  step. 

A  tie-line  may  also  be  employed  as  a  "  proof- 
line,"  in  the  place  of  a  diagonal,  and  tested  in 
the  Bame  manner. 
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If  any  angle  of  the  field  ib  re-enteriDg,  as  at  B  in  the  figure, 
meaaure  a  tie-line  acroes  the  salient  angle  ABC. 

B9.  Chain-AnglM  It  ia  convenient,  thongb  not  ceceseary,  to 
measure  eqnal  diBtancee  along  the  sides:  BE,  BF,  in  Fig.  57, 
and  B  A,  B  C,  in  Fig.  68.  "  ChaiD-angles  "  are  tbus  formed.  To 
reduce  "  chain-angles "  to  degrees  and  minutes,  see  Art.  38. 

90.  lusfioenlble  Areat,  The  method  of  tie-lines  can  be  applied 
to  measuring  fields  which  can  uot  be  entered. 

Thus,  in  the  figure,  AB  C  D  is  an  inaccessible  wooded  field,  of 
four  sides.  To  survey  it,  measure  all  the 
sides,  and  at  any  :K>mer,  as  D,  measure 
any  distance  D  E,  in  the  line  of  A  D 
produced.  Measure  also  another  distance 
D  F  in  the  line  of  C  D  produced.  Meas- 
ure the  tie-line  E  F,  and  the  figure  can 
be  platted  as  in  the  case  of  the  field  of 
Fig.  57,  the  sides  of  the  triangle  being  produced  in  the  contrary 
direction. 

The  same  end  wonld  be  attained  by  prolonging  only  one  side,  as 
shovn  at  the  angle  A  of  the  same  figure,  and  measuring  AG,  AH, 
and  a  H.  It  is  better,  in  both  cases,  to  tie  all  the  angles  in  a 
similar  manner. 

This  method  may  be  applied  to  a  figure  of  any  number  of  sides 
by  prolonging  as  many  of  them  as  are  neceacary ;  all  of  them,  if 


91.  If  the  sides  OD  and  AD  were  pro- 
longed by  their  full  length,  the  content  of 
the  figure  could  be  calculatod  without  any  plat ; 
for  the  new  triangle  D  E  F  would  eqnal  the 
triangle  D  A  0,  and  the  aides  of  the  triangle 
A  C  B  would  then  be  known. 

This  principle  may  be  extended  still  fur- 
ther. For  a  five-sided  field,  as  in  Fig.  60,  pro- 
duce two  pairs  of  sides,   a  distance  equal  to 
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their  length,  forming  two  new  triangles,  aa  ehown  by  the  dotted 
lines,  and  meaenre  the  sides  B'D'  and  A'D".     The  three  sides  of 
each  of  these  triangles  will  thus  be  known, 
and  also  the  three  sides  of  the  triangle  BAD, 
since  A  D  =  A'  D",  and  B  D  =  B'  D'. 

The  method  of  this  article  may  be  em- 
ployed for  a  fgnre  of  six  sides,  as  shown  in 
Fig.  61  {in  which  the  dotted  lines  within 
the  wooded  field  have  their  lengths  deter- 
mined by  the  triangles  formed  outside  of  it), 
bat  not  for  figures  of  a  greater  number  of  sides. 

aUUVJEYUia  BT  FEBFBNDIOUZiABS  :  OB  BT  THX  8X00N1> 
,  METHOD. 

92.  The  method  of  Surveying  by  Perpendiculars  is  founded 
on  the  Second  Method  of  determining  the  position  of  a  point, 
explained  in  Art.  4.  It  is  applied  in  two  ways,  either  to  mak- 
ing a  complete  survey  by  "Diagonals  and  Perpendiculars,"  or  to 
measuring  a  crooked  boundary  by  "  Offsets"  Each  will  be  con- 
sidered in  turn. 

The  best  method  of  getting  perpendionlars  on  the  ground  mast, 
however,  be  first  explained. 
Fig.  61. 

To  set  ont  Ferpaadiculars, 
93.  Borreyor'B  Ctom.  The  simplest  instrument  for 
this  purpose  is  the  Surveyor's  Cross,  or  Cross-Staff, 
shown  in  the  figure.  It  consists  of  a  block  of  wood, 
of  any  shape,  having  in  it  two  saw-cuts,  made  very 
precisely  at  right  angles  to  each  other,  about  half  an 
inch  deep,  and  with  oenter-bit  holes  made  at  the  bot- 
tom of  the  cuts  to  assist  in  finding  the  objects.  This 
block  is  fixed  on  a  pointed  staff,  on  which  it  can  turn 
freely,  and  which  should  be  precisely  8  links  (63^  inches) 
long,  for  the  convenience  of  short  measurements. 

To  use  the  cross-staff  to  erect  a  perpendicular,  set 
it  at  the  point  of  the  line  at  which  a  perpendicnlar  is 
wanted.     Turn  its  head  till,  on   looking  through   one 
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SBw-cat,  you  see  the  ends  of  the  liDe.  Then  will  the  other  saw- 
cat  point  out  the  direction  of  the  perpendicular,  and  thus  guide 
the  measurement  desired. 

To  find  where  s  perpendicular  to  the  line,  (roru  some  object,  as 
a  corner  of  a  field,  a  tree,  etc.,  would  meet  the  line,  set  up  the 
cross-staff  at  a  point  of  the  line  which  seems  to  the  e;e  to  be  about 
the  spot.  Note  about  how  far  from  the  object  the  perpendiculor 
at  this  point  strikes,  and  move  the  crosB-staS  that  distance ;  and 
repeat  the  operation  till  the  correct  spot  is  fonnd. 

94.  To  test  the  accuracy  of  the  instrument,  eight  through  one 

slit  to  some  point  A,  and  place  a  stake  B 

*^*  *'"    B  c  n      '"  ^^^  ^'''®  "'  sight  of  the  other  slit 

I  I  /        Then  turn  its  bead  a  qaarter  of  the  wa; 

\\l         around,  so  that  the  second  slit,  looked 

A ■ --,.ilit      through,  points  to  A.     Then  see  if  the 

nr  other  slit  coTers  B  again,  as  it  will  if 

correct.     If  it  does  not  do  so,  but  sights 

to  some  other  point,  as  B',  the  apparent  erroi'  is  double  the  real 

one,  for  it  now  points  as  far  to  the  right  of  the  true  point  G  as  it 

did  before  to  its  left. 

This  is  the  first  example  we  have  had  of  the  invaluable  prin- 
ciple of  Reversion,  which  is  used  in  almost  every  test  of  tlie  accu- 
racy of  surveying  and  astronomical  instruments,  its  peculiar  merit 
being  that  it  doubles  the  real  error,  and  thus  makes  it  twice  as  easy 
to  perceive  and  correct  it. 

The  instrument,  in  its  most  finished  form,  is  made  of  a  hollow 
brass  cylinder,  which  has  two  pairs  of  slits  exactly  opposite  to  each 
other,  one  of  each  pur  being  narrow  and  the  other  wide,  with  a 
horse^hair  stretched  from  the  top  to  the  bottom  of  the  latter.  It  is 
also,  sometimes,  made  with  eight  faces,  and  two  more 
pairs  of  slits  added,  so  as  to  set  off  half  a  right 
angle. 

Another  form  is  a  hollow  brass  sphere,  as  in  the 
flgnre.  This  enables  the  surveyor  to  set  off  perpen- 
diculars on  very  steep  slopes. 

Another  form  of  the  surveyor's  cross  consists  of 
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two  pairs  of  plain  "  Sights,"  each  shaped  as  in  the  fig-  Fm  «8 
are,  placed  at  the  ends  of  two  bars  at  right  angles  to 
each  other.  The  slit,  and  the  opening  with  a  hair 
stretched  from  its  top  to  its  hottom,  are  respectively  at 
the  top  of  one  sight  and  at  the  bottom  of  the  opposite 
sight.*  This  is  nsed  in  the  same  manner  as  the  preced- 
ing form,  but  is  less  portable,  and  more  liable  to  get  out  of  order. 
A  temporary  substitute  for  these  instruments  may 
be  made  by  sticking  four  pins  into  the  corners  of  a 
square  piece  of  board,  and  sighting  across  them,  in 
the  direction  of  the  line  and  at  right  angles  to  it. 

96.  Optical  Square.    The  most  conrenient  and  ao- 
curate  instrument  is,  however,  the  Optical  Square.     The  fignree 
give  a  perspective  view  of  it,  and  also  a  plan  with  the  lid  re- 
moved.    It  is  a  small  circular  box, 
containing  a  strip  of  looking-glass,  "' 

from  the  upper  half  of  which  the 
silvering  is  removed.  This  glass  is 
placed  so  as  to  make  precisely  half 
a  right  angle  with  the  line  of  sight, 
which  passes  through  a  slit  on  one 
side  of  the  box,  and  a  vertical  hair 
stretched  across  the  opening  on  the 

other  side,  or  a  mark  on  the  glass.  i 

The  box  is  held  in  the  hand  over      b  It 

the  spot  where  the  perpendicolar  is 
desired  (a  plumb-line  in  the  hand 
will  give  perfect  accuracy),  and  the 
observer  applies  his  eye  to  the  slit 
A,  looking  through  the  upper  or 
unsilvered   part  of  the  glaaa,   and 

turns  the  box  till  he  sees  the  other  end  of  the  line  B,  through  the 
opening  C.  The  assistant,  with  a  rod.  moves  along  in  the  direc- 
tion where  the  perpendicular  is  desired,  being  seen  in  the  silvered 

*  Ttw  Freoob  call  the  narrow  opening  aUleton,  and  the  wide  one  eroial*. 
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parts  of  the  glass,  b;  reflcctioD  through  the  opening  D,  ti]l  hia 
rod,  at  E,  IB  seen  to  coincide  vith,  or  to  be  exactly  under,  the  ob- 
ject B.  Then  is  the  line  D  E  at  right  angles  to  the  line  A  B,  by 
the  optical  principle  of  the  equality  of  the  angles  of  incidence  and 
reflection. 

To  find  where  a  perpendicular  from  a  distant  object  would 
strike  the  line,  walk  along  the  line,  with  the  instrument  to  the 
eye,  till  the  image  of  the  object  is  seen,  in  the  silvered  part  of  the 
glass,  to  coincide  with  the  direction  of  the  line  seen  through  the 
unsilvered  part 

The  instrument  may  be  tested  by  sighting  along  the  perpen- 
dicular, and  fixing  a  point  in  the  original  line,  on  the  principle  of 
"reTeraion." 

The  surveyor  can  make  it  for  himself,  fastening  the  glass  in  the 
box  by  four  angular  pieces  of  cork,  and  adjusting  it  by  cutting 
away  the  cork  on  one  side,  and  introducing  wedges  on  the  other 
side.     The  box  should  be  blackened  inside. 

Another  form  of  the  optical  square  contains  two  glasses,  fixed 
at  an  angle  of  45°,  and  giving  a  right  angle  on  the  principle  of  the 
sextant. 

Perpendiculars  may  be  set  out  with  the  chain  alone,  by  a  variety 
of  methods.  These  methods  generally  consist  in  performing  on 
the  groaud,  the  operations  executed  on  paper  in  practical  geome- 
try, the  chain  being  used,  in  the  place  of  the  compasses,  to  describe 
the  necessary  arcs. 

As  these  operations,  however,  are  less  often  used  for  the  method 
of  surveying  now  to  be  explained,  than  for  overcoming  obstacles  to 
measurement,  it  will  be  more  convenient  to  consider  them  in  that 
connection. 

Dta^:oaals  and  PerpeadicalBis. 

96.  We  have  seen  in  the  preceding  pages  that  plats  of  surveys, 
made  with  the  chain  alone,  have  their  contents  most  easily  de- 
termined by  measuring,  on  the  plat,  the  perpendiculars  of  each  of 
the  triangles,  into  which  the  diagonals  measured  on  the  ground 
have  divided  the  field.  In  the  Method  of  Surveying  by  Diagonalt 
and  Perpendiculars,  now  to  bo  explained,  the  i)erpendicnlars  are 
measured  <m  the  ground.     The  content  of  the  field  oan,  therefore 
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be  fuund  at  nnce  (by  adding  together  the  half  products  of  each 
per|>endiGular  by  the  diagonal  oa  which  it  is  let  fall),  witliout  the 
necessity  of  previously  making  a  plat,  or  of  meaaoring  the  sides  of 
the  field.  This  is,  therefore,  the  most  rapid  and  easy  method  of 
surveying  when  the  content  alone  is  required,  and  is  particularly 
a))plicable  to  the  measurement  of  the  ground  occupied  by  crops, 
for  the  purpose  of  determining  the  namber  of  bushels  grown  to  the 
acre,  the  amount  to  be  paid  for  mowing  by  the  acre,  etc. 


t,  and  the  perpen- 


Sia.tA. 


Fio.  66. 


A  Three  aided  Field.    Measnre  the  longest  aide,  i 

dlfiDlnr,  0  D,  let  fall  on  it  from  the  opp'wte  angle 

0.    Then  the  content  is  equal  to  half  the  product 

of  the  side  hj  the  perpeadioular.     If  obstacles  pre- 
vent this,  Had  tlie  poLnt,  where  a  perpendicular  let 

fall  from  an  angle,  as  A,  to  the  opposite  side  pro. 

dnced,  oa  B  0,  would  meet  it,  as  at  E  in  the  figure. 

Tlienhalt  thoprodactof  AEb;  OBia  theconient        JU      C  a 

of  the  triangle. 

A  Poor-nded  Field.     Measure  the  diagonal  A  0.    Leave  marks  at  the 

points  on  this  diagonal  at  which  perpendiculars  from  B  and  from  D  wonid 
meet  it,  finding  these  points  hj  trial, 
as  previously  directed.  The  best  marks 
at  these  "false  stations"  have  been  de- 
scribed. Return  to  these  false  stationn 
and  measure  the  perpendiculars.  When 
tliese  perpendiculars  are  measured  be- 
fore finishing  the  measarem''nt  of  the 
diagonal,  great  care  is  necessary  to 
avoid  making  mistakes  in  the  length  of 
the  diagonal,  when  the  chainmen  return 
D  to  continue    its    meaBurcroent.      One 

check  is  to  .leave  at  the  mark  as  many 

pins  as  have  been  taken  up  by  the  hind-chainman  in  coming  to  that  [loint 

froi[]  the  beginning  of  the  line. 

/.».  9.     Required  the  content  of  the  field  ot  Fig.  69.    Am.  0A.3R.39P. 
The  field  may  he  platted  from  these  measurements,  if  di^^iired,  bnt  witli 

more  liability  to  inaccuracy  than  in  the  first  method,  in  which  the  sides  are 

measured.     The  plat  of  the  figure  is  three  chains  to  one  inch. 

The  field-notes  may  be  taken  by  writing  the  measurements  on  a  sketch, 

as  In  the  figure ;  or,  in   more  comphcnted   cases,  by  tlie  column  method,  as 

below.     A  new  symbol  may  tie  employed,  this  mark,  H ,  or  H,  to  show  the 

false  station,  from  which  a  perpendicular  is  to  be  measureil. 
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Ex.  10.     Caleulalum. 

ABO  =  J  X  480  X  110  =  26400 

ADU  =  i  X  480  X  irs  =  42000 

»q.  chaint  98400 

Aera  OGM 
It  is  slill  cosier  to  take  tho  two 
triangles  togcttier;   multiplying  the 
diiigonal  by  tlie  sum  of  the  perpen- 
diculars ond  dividing  bj  tivo. 

A  Hany'^idsd  Pield.    Fig.  70  and  tho  accompanying  ficlil-notea  repre- 
mt  tbe  field  which  was  sarveyed  by  the  first  method  and  platted  io  Fig.  56. 


§    From  200  (m  460 

110 
F.S. 

foB 

ff    From  280  <«  480 

176 
F.S. 

toD 

1- 

1                              H 
1                    Fromk 
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280 
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1- 

From  6-OT  <w  7*87 

1-M 

F.S. 

(oF 

From  I'BO  on  775 

2-08 

F.S. 

toO 

/Vvm  0-40  0n  11-42 

4-98 
F.S. 

foE 

/*w»  4-96  M  11-42 

2-67 

F.S. 

toB 

.Fh>mE 

787 

6-07 
0 

(0  A 

r 

H 
/Vw»0 

7-7B 
1-60 
O 

r 

From  A. 

11-42 
6-45 
4H5 
© 

1- 

£;.  II.  CaiUulation.  Tlie  con> 
tent  of  the  triangles  may  be  expressed 

»q.  Ik*. 

ABC  =  i  X  1142  X  2fi7  =  1524B7 

AGO  =  i  X  1142  X  493  =  281503 

CDE  =  4  X    776  X  263  =    98037 

AEF  =  i  X    787  X  164  =    B6749 

tq.  chains  68-8746 ' 

Aerei  0-68746 

or,  6A.  3R.  22P. 

The  first  two  triangles  might  luive 
been  tukeo  together,  as  in  tlie  prcviui:e 
field. 

Content  culciilated  froin  the  pcr- 
pendicnlars  will  generally  vary  slightly 
from  that  obtained  by  measuring  on 
the  plat. 


A  small  field  which  Iiaa  maoy  sides  may  sometimes  be  conveniently  sur- 
veyed by  taking  one  dlaguoal  aod  measuring  ihe  pyrpeadiculars  U-t  fall  on  it 
from  each  angle  of  the  field,  and  thus  dividing  the  whole  area  into  triangles 
and  trapezoids,  hs  in  Fig.  41. 

Tbe  line  on  which  tho  perpendicalors  are  to  be  let  fall  may  also  be  out- 
side of  the  field,  as  in  Fig.  42. 

Such  a  survey  can  be  platted  very  rendily,  but  the  length  of  the  perpen- 
dicnlnrs  renders  the  plat  le»3  accurate. 

This  proeedvire  supplies  a  transition  to  the  method  of  " offsets,"  which  li 
explained  in  the  oeit  article. 
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97.  Offsets  are  short  perpendicularB,  measured  from  a  straight 
line,  to  the  angles  of  a  crooked  or  zigzag  line  near  which  the 
straight  line   mns.     Thns,   in  the  ^^  jj^ 

figure,  let  A  C  D  B  be  a  crooked  C  ^ 

fence,  bounding  one  side  of  a  field. 
Chain  along  the  straight  line  A  B, 
which  rnns  from  one  end  of  the  fence  to  the  other,  and,  when 
opposite  each  comer,  note  the  distance  from  the  beginning,  or  the 
point  A,  and  also  measure  and  note  the  perpendicniar  distance  of 
each  comer  C  and  D  from  the  line. 
These  corners  will  then  he  "  determined  " 
by  the  Second  Method,  Art.  4- 

The  field-notes,  corresponding  to  Fig. 
71,  are  as  in  the  margin.  The  measure- 
ments along  the  line  are  written  in  the 
column,  as  before,  connting  from  the  be- 
ginning of  the  line,  and  the  offsets  are 
written  beside  it,  on  the  right  or  left, 
opposite  the  distance  at  which  they  are 
taken.  A  sketch  of  the  crooked  line  is 
also  usually  made  in  the  field-notes,  though  not  absolutely  neces- 
sary in  BO  simple  a  case  m  this-     The  letters  C  and  D  would  not  be 


^omA  0 


(oB 
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ased  in  practice,  but  are  here  inserted  to  show  tlie  connection 
between  the  fikM-notes  and  the  plat. 

Id  taking  tbe  field-notes,  the  widths  of  the  oSaets  should  not 
be  drawn  proirartionally  to  the  distances  between  them,  but  the 
breadths  should  be  greatly  exaggerated  in  proportion  to  the 
lengths. 

A  more  extended  example,  with  a  little  different  notation,  is 
given  below.  In  the  fignre,  which  is  on  a  scale  of  eight  chains  to 
one  inch  for  the  distances  along  the  line,  the  breadths  of  the  offsets 
are  exaggerated  to  four  times  their  trne  proportional  dimensions. 

Fio.  73.  Fia.  TS. 


B 

1600 

" 

1200 

0 

lOOU 

II 

80 

750 

(HI 

600 

4U 

260 

0 

A 

250 

toB 

30      »0 

186 
160 

90 

50 

30 

.Sw.  A 

O 

The  plat  and  field-notes  of  the  position  of  two  houses,  deter- 
mined by  offsets,  are  given  above  on  a  scale  of  two  chains  to  one 
'  inch  : 

Double  offsets  are  sometimes  convenient ;  and  sometimes  triple 
and  qusdmple  ones.  Below  are  given  the  notes  and  the  plat,  one 
chain  to  one  inch,  of  a  road  of  varying  width,  both  sides  of  which 
are  deKrmined  by  double  offsets.  It  will  be  seen  that  the  line  A  B 
crosses  one  side  of  the  road  at  160  links  from  A,  and  the  other  side 
of  it  at  220. 

Two  methods  of  keeping  the  field-notes  are  given.  In  the  first 
form,  the  offsets  to  each  side  of  the  road  are  given  separately  and 
connected  by  the  sign  -[-.  In  the  second  form,  the  total  distance 
of  the  second  offset  is  given,  and  the  two  measurements  connected 
by  the  word  "/o."  This  is  easier  both  for  measuring  and  plat< 
ting. 
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B 
260 

240 

0 

220 

20 

200 

40 

180 

•W 

160 

COto    0 

140 

fiOto    5 

120 

70  to  20 

100 

60  to  15 

80 

60  to  10 

60 

70  to  20 

40 

ltu>m 

20 

60(0    0 

A 

Offsets  may  generally  be  taken  with  sufficient  accarac;  by 
measaring  them  as  nearly  at  right  angles  to  the  base-line  as  the 
eye  can  estimate.  The  snrreyor  should  stand  by  the  chain,  facing 
the  fence,  at  the  place  which  he  thinks  opposite  to  the  corner  to 
which  he  wishes  to  take  an  offset,  and  meaenre  "square"  to  it  by 
the  eye,  which  a  little  practice  will  enable  him  to  do  with  mnch 
correctness. 

The  offsets  may  be  measured,  if  short,  with  an  Offset-nlaff,  a 
light  stick,  10  or  16  links  in  length,  and  divided  accordingly  ;  or, 
if  they  are  long,  with  a  tape.  They  arc  generally  bnt  a  few  links 
in  length.  A  chain's  length  shoald'be  the  extreme  limit,  as  laid 
down  by  the  English  "Tithe  CommissionorB,"  and  that  should  be 
employed  only  in  exceptional  cases.  When  the  "cross-staff"  ia  in 
nse,  its  divided  length  of  8  links  renders  the  offpet-stpff  needless. 

When  offsets  are  to  be  taken,  the  method  of  chaining  to  the  end 
of  a  line  (described  in  Art.  18)  is  somewhat  modified.  After  the 
leader  arriTes  at  the  end  of  the  line,  he  should  draw  on  the  chain 
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till  the  follower,  with  the  buck  end  of  the  chtun,  reaches  the  last 
pin  set.  This  facilitutes  tlie  couuting  of  the  links  to  the  places 
at  which  the  oSseta  are  taken. 

The  offsets  are  to  be  taken  to  every  angle  of  the  fence  or  other 
crooked  line ;  that  is,  to  every  point  where  it  changes  its  direction. 
These  angles  or  prominent  beuds  can  be  best  found  by  one  of  the 
party  walking  along  the  ci'ookcd  fence  and  directing  another  at  the 
chain  what  points  to  measure  opposite  to.  If  the  line  which  is  to 
be  thas  determined  is  curved,  the  offsets  should  be  taken  to  points 
so  near  each  other  that  the  portions  of  the  curved  line  lying  be- 
tween them  may,  without  much  error,  be  regarded  as  straight.  It 
will  be  most  convenient,  for  the  subsequent  calculations,  to  take 
the  offsets  at  equal  distances  apart  along  the  straight  line  from 
which  they  arc  measured. 

In  the  case  of  a  crooked  brook,  such  as  is  shown  in  the  figure 
given  below,  offsets  should  be  taken  to  the  most  prominent  angles, 
such  as  are  marked  aaa'in  the  figure,  and  the  intermediate  bends 
may  be  merely  sketched  by  the  eye. 


When  offsets  from  lines  measured  around  a  field  are  taken  in- 
side of  these  bounding  lines,  they  are  sometimes  distinguished  na 
innets. 

98.  Flatting.  The  most  rapid  method  of  platting  the  offsets 
is  by  the  use  of  a  Platting  Scale  (described  in  Art.  47)  and  an  Off- 
set Scale,  which  is  a  short  scale  divided  on  its  edges  like  a  platting 
scale,  but  having  its  zero  in  the  middle,  as  in  the  figure. 

The  platting  scale  is  placed  parallel  to  the  line,  with  ite  zero- 
point  opposite  to  the  beginning  of  the  line.  The  oBsct  ecale  is 
slid  along  the  platting  scale,  till  its  edge  comes  to  a  distance  on 
the  latter  at  which  an  offset  had  been  taken,  the  length  of  which  is 
marked  off  with  a  needle-point  from  the  offset  scale,     This  is  then 
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slid  on  to  the  next  distance,  and  the  operation  is  repeated.     If  one 
person  reade  off  the  field-notes,  and  another  plate,  the  operation 


will  be  greatly  facilitated.  The  points  thus  obtained  are  joined  hj 
straight  lines,  and  a  miniature  copy  of  the  curved  line  is  thus  ob- 
tained ;  all  the  operations  of  the  platting  being  merely  repetitions 
of  the  measnrements  made  on  the  ground. 

If  no  offset  scale  is  at  hand,  make  one  of  a  strip  of  thick  draw- 
ing-paper, or  pasteboard  ;  or  use  the  platting  scale  itself,  turned 
crosBways,  having  previously  marked  off  from  it  the  points  from 
which  the  offsets  had  been  taken. 

In  plats  made  on  a  small  scale,  the  shorter  offsets  are  beat  esti- 
mated by  the  eye. 

On  the  ordnance  survey  of  Ireland,  the  platting  of  offsets  was 
facilitated  by  the  use  of  a  combination  of  the  offset  scale  and  the 
platting  scale,  the  former  being  made  to  slide  in  a  groove  in  the 
latter,  at  right  angles  to  it. 

99.  Calonlatjng  Content  When  the  crooked  line  determined  by 
offsets  is  the  boundary  of  a  field,  the  content,  inclosed  between  it 
and  the  straight  line  surveyed,  must  be  determined,  that  it  may  ' 
be  added  to,  or  subtracted  from,  the  content  of  the  field  bounded 
by  the  straight  lines.  There  are  various  methods  of  effecting 
this. 

The  area  inclosed  between  the  straight  and  the  crooked  lines  is 
divided  np  by  the  offsets  into  trianglen  and  trapezoids,  the  content 
of  which  may  be  calculated  separately  and  then  added  together. 
The  content  of  the  plat  on  page  65  will,  therefore,  be  1500  + 
il25  +  625  =  6250  square  links  =0-635  square  chain.     The  con- 


byGooglc 


70  LANn-SURVBYmQ. 

teut  of  the  plat  on  page  66  will  in  like  manner  be  found  to  be,  on 
the  left  of  the  straight  line,  30,000  eqaare  links,  and  on  its  right, 
5,000  square  links. 

100.  When  the  offsets  have  been  taken  at  equal  distances,  the 
content  may  be  more  easily  obtained  by  adding  together  half  of 
the  first  and  of  the  last  offset,  and  all  the  intermediate  ones,  and 
multiplying  the  sum  by  one  of  the  equal  distances  between  the 
offsets.  This  rule  is  merely  an  abbreyiation  of  the  preceding 
one. 

Thus,  in  the  plat  of  page  66,  the  distances  being  equal,  the  con- 
tent of  the  offsets  on  the  left  of  the  straight  line  will  be  130  X  350 
=  30,000  square  links,  and  on  the  right,  20  X  350  =  5,000  square 
links ;  tbe  same  results  as  before. 

When  the  line  determined  by  the  offsets  is  a  curved  line, 
"Simpson's  rule "  gives  the  content  more  accurately.  To  employ 
it,  an  even  nnmber  of  equal  distances  must  hare  been  measured 
in  the  part  to  be  calculati?d.  Then  add  together  the  first  and  last 
ofCset,  four  times  the  sum  of  the  even  offsets  (i.  e.,  the  2d,  4tli,  6th, 
etc.),  and  twice  tlie  sum  of  the  odd  offsets  (i.  e.,  the  3d,  5th,  7th, 
etc.),  not  including  the  first  and  the  last  Multiply  the  sum  by 
one  of  the  equal  distances  between  the  offsets,  and  divide  by  3. 
The  quotient  will  be  the  area. 

Ex.  13.  The  offsets  from  a  straight  line  to  a  carved  fence 
were  8,  9,  11,  15,  16,  14,  9,  links,  at  eqnal  distances  of  5  links. 
What  was  the  content  included  between  the  curved  fence  and  the 
straight  line?  -Ans.  371-666. 

101.  Equalizing,  ot  giving  and  talcing,  is  an  approximate  mode 
of  calculation  much  used  by  practical  surveyors.     A  crooked  line, 


determined  by  offsets,  having  been  platted,  a  straight  line  is  drawn 
on  the  plat,  across  the  crooked  line,  leaving  as  much  space  outside 
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of  the  straight  line  as  inside  of  it,  as  nearly  as  can  be  estimated  by 
the  eye,  "eqnalizing"  it,  or  "giving  and  tailing"  equal  portions. 
The  straight  line  is  best  determined  by  laying  across  the  irregular 
outline  the  straight  edge  of  a  piece  of  transparent  horn,  or  tracing- 
paper,  or  glass,  or  a  fine  thread  or  horse-hair  stretched  straight  by 
a  light  bow  of  whalebone.  In  practical  bands,  this  method  is  suffi- 
ciently accurate  in  most  cases.  The  student  will  do  well  to  try  it 
on  figures,  the  content  of  which  he  has  previously  ascertained  by 
perfectly  accurate  methods. 

BUUVKYUia  BY  THE  FRBOEDIKa  METHODS  OOHBINED. 

102.  All  the  methods  which  have  been  explained  iu  the  pre- 
ceding sections — surveying  by  Diagonals,  by  Tie-lines,  and  by 
Perpendiculars,  particularly  in  the  form  of  offsets — are  frequently 
required  in  the  same  survey.  The  method  by  Diagonals  should  be 
the  leading  one ;  in  some  parts  of  the  survey  obstacles  to  the  meas- 
nremcots  of  diagonal  may  require  the  use  of  Tie-lines ,-  and,  if 
the  fences  are  crooked,  straight  lines  are  to  be  measured  near  them, 
and  their  crooks  determined  by  Offsets. 

Offsets  are  necessary  additions  to  almost  every  other  method  of 
surveying.  In  the  smallest  field  surveyed  by  diagonals,  unless  all 
the  fences  are  perfectly  straight  lines,  their  bends  must  be  deter- 
mined by  offsets.  The  plat  (scale  of  one  chain  to  one  inch)  and 
field-notes  of  such  a  case  are  given  below.  A  sufficient  nnmber  of 
the  sides,  diagonals,  and  proof-linos,  to  prove  the  work,  should  be 
platted  before  platting  the  offsets. 

Pic.  »e. 
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108.  ?ield-Bo(^  The  difficulty  and  the  imiwrtance  of  keep- 
ing the  field-notes  clearly  and  distinctly  increase  with  each  new 
combination  of  methods.  For  this  reason,  three  different  methods 
of  keeping  the  field-notes  of  tlio  same  survey  will  now  be  given 
(from  Bourn's  "Surveying"),  and  a  careful  comparison  by  the 
fitudeat  of  the  corresponding  portions  of  each  will  be  very  profit- 
able  to  him: 
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Fuld-Bealc  No.  1  (Elg.  79)  shows  the  Sketch  method,  eipUmed 
in  Art  83. 
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)  shows  the  Column   method,  && 
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Keld-Book  Ho.  3. 

Fra.  81.  ' 


Field-Boot  JVo.  3  {Pig.  81)  is  a  convenient  combination  o(  the 
two  preceding  methods.  The  bottom  of  the  book  is  at  the  aide  of 
this  figure,  at  A. 
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104.  InaoceBuble  Areai.     A  combination  of  offsets  sod  tic-lines 

supplies    an    easy   method   of 
^^^'  *^  surveying  an  inaccfusibk  area, 

such  as  a  pond,  gwamj),  forest, 
block  of  honsea,  etc.,  as  ap[>ear3 
from  the  figure,  in  which  cstor- 
nal  bounding  linos  arc  taken  at 
will  and  measured,  and  tied 
by  "tie-lines"  measured  be- 
tween these  lines,  prolonged 
when   necessary,  while  offsets 

from  them  determine  the  irregularities  of  the  actual  boundaries  of 

the  pond,  eUt. 

These  offxets  are  insets,  and  their  content  is,  of  course,  to  be 

subtracted  from  the  content  of  the  principal  figure. 
Even  a  cireular  field  might  thus 

be  approximately  measured  from  the  j- — _,^..  ' '. -. 

outside.  1/  \ 

If  the  shape  of  the  field  admits     yU'-^\  'v'  - 

of  it,  it  will  be  preferable  to  measure      n^^  i  *■  ,-■' 

four  lines  about  the  field  in  such  di-  ^  -; 

rections  as  to  inclose  it  in  a  rectan-  .— '-^:^;^=^    r.^. ^- 

gle,  and  to  measure  offsets  from  the  sides  of  this  to  the  angles  of 

the  field. 

OBSTA0LX8  TO  HSAaiTSXHENT  IN  CHAXK-SUBYXTINa. 

105.  In  the  practice  of  the  various  methods  of  surveying 
which  have  been  explained,  the  hills  and  valleys  which  are  to  be 
crossed,  the  sheets  of  water  which  are  to  be  passed  over,  the  woods 
and  houses  which  are  to  be  gone  through — all  these  form  obstacles 
to  the  measurement  of  the  necessary  lines  which  are  to  join  certain 
points,  or  to  be  prolonged  in  the  same  direction.  Many  special 
precautions  and  contrivances  are  therefore  rendered  necessary ; 
and  the  best  methods  to  be  employed,  when  the  ch«n  alone  is  to 
be  used,  will  now  be  given. 

These  methods  for  overcoming  the  various  obstacles  met  with 
in  practice  constitute  a  Lasd-Geouetry.     Its  problems  are  per- 
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formed  on  the  ground  instead  of  on  paper;  its  compasses  are  a 
chain  fixed  atone  end  and  free  to  t;  wing  uruund  with  the  other; 
its  scale  is  the  chain  itself ;  und  it»  ruler  is  the  same  chain 
Btretcbed  tight.  Its  advantages  are  that  its  single  instrument 
(or  a  substitute  for  it,  such  as  a  tape,  a  rope,  ete.)  cau  be 
found  anywhere ;  aud  its  only  auxiliaiics  are  equally  easy  to  ob- 
tain, being  a  few  straight  and  slender  I'ods,  aud  a  plumb-line, 
for  which  a  pebble  suspended  by  a  thread  is  a  sufficient  substi- 
tute. 

Many  of  these  problems  require  the  employment  of  perpendicn- 
lar  and  parallel  lines.  For  this  reason  we  will  commence  with  this 
class  of  problems. 

The  demonstrations  of  most  of  these  problems  will  be  left  as 
exercises  for  the  student. 

The  elegant  '*  Theory  of  Transversals "  (Appendix  B)  will  be 
an  important  element  in  some  of  these  demonstrations. 

Problems  on  PerpendScul&rs.* 
ProUem  1.     To  erect  a  perpeiidicular  at  any  point  of  a  line, 

10&  First  Method.     Let  A  be  the   poiut  at  which  a  perpen- 
dicular to  the  line  is  to  be  set  out.     Meas- 
ure  off  equal  distances  A B,  AC,  on  each  *^"'' ^' 

aide  of  the  point.  Take  a  portion  of  the 
chain  not  quite  1^  time  as  long  as  A  B  or 
A  C,  Rx  one  end  of  this  at  B,  and  describe 
an  arc  with  the  other  end.  Do  the  same 
from  C.  The  intersection  of  these  arcs  will 
flx  a  point  D.     AD  will  be  the  iierpendicu-  " 

lar  required.  '  Repeat  the  operation  on  the  other  side  of  the  line. 


*  Huij  of  these  mothoda  would  seldom  be  required  in  pmctice,  but  cases  bodm- 
limM  occur,  as  erery  earveyor  of  much  eiperience  in  Beld-work  hu  found  to  his  seri- 
ous incoDTenienoe,  in  which  some  pecull«rltj  of  the  local  oireumBtancta  tortdds  inj 
of  the  usual  methods  being  applied.  In  such  cases  the  colledion  here  ^ven  will  be 
found  of  great  Taluc. 

Id  all  the  figures,  the  given  and  measured  lines  are  drawn  with  Bne  full  lines,  the 
Tisual  lines,  or  lines  o(  sight,  with  broken  linos,  and  the  lines  of  the  result  with  hcavj 
full  lines.  The  points  which  are  centers  around  which  the  chain  is  swung  are  lo- 
doKd  in  eireles.  The  alphabetical  order  of  the  letters  attached  to  the  points  ibows 
in  what  order  the;  an  taken. 
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II  that  is  impossible,  repeat  it  on  tlie  same  side  witb  a  different 
length  of  chain. 

107.  Second  Method.  Metisure  off  as  before,  equal  diatancea  A  B,  A  C^ 
bat  each  about  only  one  third  uf  the  chain.  Faat«n 
the  eads  of  the  chain  with  two  pins  st  B  aad  C. 
Stretch  it  out  on  one  side  of  the  line  and  put  a  pin 
at  the  middle  of  it,  D,  Do  the  same  on  the  other 
side  of  the  line,  and  set  a  pin  at  E.  Then  is  D  £  a 
perpendicular  to  B  C.  If  it  ia  impossible  to  perform 
the  operaUoD  on   both  sides  of  the  line,  repeat  it 

_  on  the  same  side  with  a  different  length  of  chain, 

~  as  shown  b;  the  linea  BF  aud  CF  in   the  figare, 

BO  BB  to  get  a  aecond  point. 

108.  Oth«r  Method*.     Alt  the  methods  to  be  given  for  the  next  prob- 
lem ma;  he  applied  to  this. 

Problem  2.     To  erect  a  perpendicular  to  a   line  at  a  given 
point,  when  the  point  ia  at  or  near  the  end  of  the  line. 


109.  Mrst  Method.  Measure  40  links  along  the  line.  Let  one 
assistant  bold  one  end  of  the  chain  at 

that  point ;  let  a  second  hold  the  SO-  ^ 

link  mark  which  is  nearest  the  other 
end,  st  the  given  point  A,  and  let  a 
third  take  the  50-link  mark,  and 
tighten  the  chain,  drawing  equally  on 
both  portions  of  it.  Then  will  the 
50  link  mark  be  in  the  perpendicu- 
lar desired.  Repeat  the  operation  on 
the  other  side  of  the  line  so  as  to  test  the  work." 

The  above  numbers  are  the  most  easily  remembered,  but  the 
longer  the  lines  measured  the  better;  and  nearly  the  whole  chain 
may  be  used  ;  thus  :  Fix  down  the  36th  link  from  one  end  at  A, 
and  the  4th  link  from  the  same  end  on  the  line  at  B.  Fix  the 
other  end  of  the  chain  also  at  B.  Take  the  40th-link  mark  from 
this  last  end,  and  draw  the  chain  tight,  and  this  mark  will  be  in 
the  perpendicular  desired.  The  sides  of  the  triangle  formed  by 
the  chain  will  be  34.  32,  and  40. 
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110.    Otherwise  :   using   a   50-feet  Fia.  87. 

tape,  bold  the  16-fect  mark  at  A; 
hold  the  48-feet  mark  and  the  ring- 
end  of  the  tape  together  on  the  line ; 
take  the  SS-feet  mark  of  the  tape,  and 
draw  it  tight;  then  will  the 
mark  be  in  the  perpendicular  deaired. 


111.  Second  Method,  Hold  one  end  of  the  chain  at  A  and  fix 
the  other  end  at  a  point  B,  taken  at  will. 
Swing  the  chain  around  B  as  a  center,  till  it 
again  meets  the  line  at  C.  Then  carry  the 
same  end  aronnd  (the  other  end  remaining 
at  B)  till  it  comes  in  the  line  of  CB  at  D. 
AD  is  the  perpendicular  required. 

Froblem  3.     7h  erect  a  perpendicular  to 
an  inuecesaible  line,  at  a  given  point  of  it. 


112.  First  Method.  Get  points  in  the  direction  of  the  inacoeB- 
Bible  line  prolonged,  and  from  them  set  ont  a  parallel  to  the  line, 
by  methods  which  are  given  in  Art.  121,  etc.  Find  by  trial  the 
point  in  which  a  perpendicular  to  this  second  line  (and  therefore 
to  the  first  line)  will  pass  through  the  required  point. 


Problem  4.     To  let  fall  a  perpendicular  fro 
a  given  line. 


a  given  point  to 


Fra.  39, 


113.  lirst  Method.  Let  P  he  the  given  point,  and  AB  the 
given  line.  Measure  some  distance,  a 
chain  or  less,  from  G  to  P,  and  then 
fix  one  end  of  the  chain  at  P,  and 
swing  it  around  till  the  same  distance 
meets  the  lino  at  some  point  D.  The 
middle  point  E  of  the  distance  C  D 
will  be  the  required  point,  at  which 
the  perpendicular  from  P  would  meet  the  line. 
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111.   Second  Method.     Streteh  a  chain,  or  a  portion   of  it, 
Pia.  JO.  from  the  given  point  P,  to  some  poiut,  as  A, 

of  the  givea  line.  UoM  the  end  of  the  dis- 
tance at  A,  and  swing  round  the  other  end  of 
the'  chain  from  P,  so  aa  to  act  oS  the  Eome 
distance  along  the  given  line  from  A  to  some 
point  B.  Measure  BP.  Then  will  the  dis- 
tance EC  from  B  to  the  foot  of  the  desired  perpendicular 
_  BP* 
~2AB 

Problem  6.     To  let  fall  a  perpendicular  to  a  line  from  a  point 
nearly  opposite  to  the  end  of  the  line. 

116.    Firgt   Method.      Stretch  a  chain  fto-si- 

from  the  given  |K)int  P,  to  eomc  point, 
aa  A,  of  the  given  line.  Fix  to  the  ground 
the  middle  point  B  of  the  chain  A  P,  and 
swing  around  the  end  which  waa  ut  P,  or 
at  A,  till  it  mecta  the  given  line  in  a  point 
0,  which  will  he  the  foot  of  the  required 
perpendicular. 

Fio,  92.  116,   Second  Method.      At  any  convenient 

point,  as  A  of  the  given  line,  erect  a  pcriien- 
dicular  of  any  convenient  length,  as  AB,  and 
mark  a  point  C  on  the  given  line  in  the  line 
of  P  and  B.  Measure  C  A,  C  B,  and  C  P. 
Then  the  distance  from  C  to  the  foot  of  the 
CAxCP 


perpendicular,  i.  e.,  CD  = 


CB 


Problem  6.  To  let  fall  a  perpendicular  to 
a  line  from  an  inaccessible  point. 

117.  First  Method.  Let  P  be  the  given 
point.  At  any  point  A,  on  the  given  line, 
set  out  a  per()cndienlar,  AB,  of  any  conven- 
ient length.     Prolong  it  on  the  other  side  of 
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the  line  the  same  distance.     Mark  on  the  given  line  a  point  D  in 
the  line  of  P  B,  and  a  point  E  in   the  line  of  P  C.     Mark   the 
point  F  at  the  intersection  of  DC  and  BS  prolonged.     The  line 
F  P  is  the  line  required,  being  perpen- 
dicular to  the  given  line  at  the  point  G. 

118.  Second  Method.  Let  A  and  B  be 
two  points  of  the  given  line.  From  A 
let  fall  a  perpendicnisr,  A  0,  to  the  vis- 
ual line,  B  P  \  and  from  B  let  fall  a  per- 
pendicular, B  D,  to  the  visual  line,  A  P. 
Find  the  point  at  which  these  perpendicn- 

lai-s  intersect,  as  at  E,  and  the  line  FE,  prolonged  to  F,  will  give 
tho  perpendicular  required. 

ProUem  7.  To  kt  fail  a  perpendicular  from  a  given  point  to 
an  iiiaeeesaible  line. 

119.  First  Method.     Let  P  be  the  given  point,  and  A  B  the 

given  line.    By  the  preceding  prob- 

'_J_ lem  let  fall  pcrpcndicularB  from  A  to 

B  P  at  C  ;  and  from  B  to  A  P  at  D  ; 
the  line  PE,  passing  from  the  given 
point  to  the  intersection  of  these 
Iterpondiculara,  is  the  desired  perpen- 
dicular to  the  inaccessible  line  A  B. 
This  method  will  apply  when  only  two  points  of  the  line  are 
visible. 

The  proof  of  118  and  119  is  found  in  the  "Theory  of  Trans- 
versals," Corollary  3. 

120.  Second  Method.  Through  tho  given  point  set  out  a  line 
parallel  to  the  inaccessible  line.  At  the  given  point  erect  a  per- 
pendicular to  the  parallel  line,  and  it  will  be  the  required  perpen- 
dicular to  the  inaccessible  line. 

Prohlexas  on  Far&llels. 
Problem  1.     I'o  run  a  line  from  a  given  point  parallel  to  a  given 
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121.  First  Method.  Let  fall  a  perpendicular  from  the  poiot  to 
the  line.  At  another  point  of  the  line,  as  far  o3  aa  possible,  erect 
a  perpendicular  equal  in  length  to  the  one  just  let  fall.  The  line 
joining  the  end  of  this  line  to  the  given  point  wilt  be  the  parallel 
reqnired. 

1S2.   Second  Method.      Measure  from 
J.     "*•'•■  ^  p  to  any  point,  as  C  of  the  given  line, 

and  put  a  mark  at  the  middle  point  D  of 
that  line.  From  any  point,  as  E  of  the 
given  tine,  measure  a  line  to  the  point  D, 
and  continue  it  till  D  F  =  D  E.  Then 
*  will  the  line  P  F  be  parallel  to  A  B. 

123.  Third  Method.  From  any  point,  as  C  of  the  line,  set  off 
equal  distances  along  the  line  to  D  and 

E.      Take  a  point  F,  in  the  line  of  •^"J?- 

PD.     Stake  out  the  lines  FC  and  ■*- — "?:::: ! T^T^^ 

F E,  and  also  the  line  E P,  crossing  \ ~~"--,^''' ,• ' 

the  line  CF  in  the  point  G.     lAst-  r'r''  i'''i'ii 

ly,  prolong  the  line  D  G  till  it  meets  "'., !  ,■'' 

the  line  E  F  in  the  point  H.     P  H  is  p 
the  parallel  required. 

The  proof  is  found  in  Corollary  4  of  "TranBveraala." 

Problem  2.  To  run  a  line  from  a  given  point  parallel  to  an  in- 
accessible line, 

124.  First  Method.  Let  A  B  be  the  given  line,  and  P  the 
given  point  Set  a  stake  at  C,  in 
the  line  of  P  A,  and  another  at  any 
convenient  point,  D.  Through  P 
set  out,  by  the  preceding  problem, 
a  parallel  to  D  A,  and  set  a  stake 
at  the  point,  as  E,  where  this  par- 
allel    intersects     D  C     prolonged. 

Through  E  set  out  aparallel  toBD, 
and  -set  a  stake  at  the  point  F,  where  this  parallel  intersects 
B  C  prolonged.     P  F  is  the  imrallel  required* 


Fta 

98. 

A 

^ 

\' 
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125.  Second  Method.  Set  a  stake  ai 
any  point  C  in  the  line  of  A  P,  and 
other  at  any  convenient  place,  aa  at  D. 
Throngh  P  set  out  a  parallel  to  A  D,  in 
tersecting  C  D  in  E.  Through  E  set  ooi 
a  parallel  to  D  B,  intersecting  C  fi  in  F. 
The  line  PF  will  be  the  parallel  required. 

126.  Alinunent  and  Keasorement.  We  arc  now  prepared,  hav- 
ing secured  a  variety  of  methods  for  settitjg  out  Perpendiculars  and 
Parallels  in  every  probable  case,  to  take  up  the  general  Bnbject  of 
overcoming  Obstacles  to  Meaenrement. 

Before  a  line  can  be  measured  its  direction  must  be  determined. 
This  operation  is  called  Ranging  the  line,  or  Aiming  it,  or  Boning 
it*  The  word  alinement  \  will  be  found  very  convenient  for  ex- 
pressing the  direction  of  a  line  on  the  ground,  whether  between 
two  points  or  in  their  direction  prolonged. 

This  branch  of  our  subject  naturally  divides  itself  into  two 
parts,  the  first  of  which  is  preliminary  to  the  second,  viz,  : 

I  Of  Obitaolfli  to  Alinement ;  or  how  to  eatablisk  the  direction 
of  a  line  in  any  situation. 

n.  Of  Obstaclea  to  Keasnremeat ;  or  how  to  find  the  letigth  of  a 
line  vjhich  can  not  be  actually  measured. 

1.  Obstacles  to  Alinement. 

127.  All  the  cases  which  can  occur  under  this  head  may  be 
reduced  to  two,  viz.  : 

A.  To  find  points  in  a  line  beyond  the  given  points,  i,  e.,  to 
prolong  the  line. 

B.  To  find  points  in  a  line  between  two  given  points  of  it,  i.  e., 
to  interpolate  points  in  the  line. 

A.  To  Proloro  a  Line. 

128.  By  ranging  with  Bodi.  When  two  points  in  a  line  are 
given,  and  it  is  desired  to  prolong  the  line  by  ranging  it  ont  with 

'This  word,  like  many  othen  used  in  enj^nccring,  I9  derived  from  a  French  word, 
boner,  to  work  ont  or  limit,  indiotin-;  that  the  Nonnnns  introduced  the  nrt  of  sur- 
TCjing  into  Bpglmd.  t  Slightly  modified  from  the  French  alignemtnt. 
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roda,  three  persona  are  required,  each  furnished  with  a  strught, 
eleuder  rod,  and  with  a  plumb-line,  or  other  means  of  keeping 

their  rods  vertical.  One  holds 
^^  l^^ET  -  his   rod  at  one  of  the  given 

^S^j^*^.,,,^^;:^^^^^-      points,  A  in  the  figure,  and 

^         '^^^^&^^       Lth^r  .t   B.     Aftirf,  C. 

goes  forward  as  far  ns  he  can 
without  losing  sight  of  the  first  two  rods,  and  then,  looking  back, 
pnte  himself  "in  line"  with  A  and  B — i.  e.,  so  that  when  his 
eye  is  placed  at  G  the  rod  at  B  hides  or  covers  the  rod  at  A. 
This  he  can  do  most  aocarately  by  holding  a  plnmb-line  before 
bis  eye,  so  that  it  shall  cover  the  first  two  rods.  The  lower  end  of 
the  plumb-bob  will  then  indicate  the  point  where  the  third  rod 
should  be  placed,  and  bo  with  the  rest.  The  first  man,  at  A,  is 
then  signaled  and  comes  forward,  passes  both  the  others,  and  puts 
himself  at  D,  "in  line"  with  C  and  B.  Tlie  man  at  B  then  goes 
on  to  E,  and  "  lines  "  himself  with  D  and  C  ;  and  so  they  proceed, 
in  this  "  hand-over-hand  "  operation,  as  far  as  is  desired.  Stakes 
are  driven  at  each  point  in  the  line  as  soon  as  it  is  determined. 

129.  The  rods  should  be  perfectly  straight,  either  cylindrical 
or  polygonal,  and  as  slender  as  they  can  be  without  bending. 
They  should  be  painted  in  alternate  bands  of  red  and  white,  each 
a  foot  or  link  in  length.  Their  lower  ends  should  be  pointed  with 
iron,  and  a  projecting  bolt  of  iron  will  enable  them  to  be  pressed 
down  by  the  foot  into  the  earth,  so  that  they  can  stand  alone. 
When  this  is  done,  one  man  can  range  out  a  line.  A  rod  can  be  set 
perfectly  vertical  by  holding  a  plumb-line  before  the  eye  at  some 
distance  from  the  rod,  and  adjusting  the  rod  so  that  the  plumb- 
line  covers  it  from  top  to  bottom,  and  then  repeating  the  operation 
in  a  direction  at  right  angles  to  the  former.  A  stone  dropped 
from  top  to  bottom  of  the  rods  will  approximately  attain  ^^^ 

the  same  end. 

When  the  lines  to  be  ranged  arc  long,  and  great  ac- 
curacy is  rc<iuired,  the  rods  may  have  attached  to  them 
plates  of  tin  with  openings  cut  out  of  thorn,  and  black 
horse-hairs  stretched  from  top  to  bottom  of  the  openings. 


Fia.101, 
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A  small  telescope  must  then  be  used  for  ranging  these  hairs  in 
line.  Id  a  hasty  Burvey,  straight  twigs,  with  their  tops  split  to 
receive  a  paper  folded  as  in  the  figure,  m&y  be  used. 

ISO.  By  Perpuidioiilan,  The  straight  line,  A  B  in  the  figure,  is 
aapposed  to  be  stopped  by  a  tree,  a  house,  or  other  obstacle,  and  it 
is  desired  to  prolong  the  line 

beyond     this    obstacle.      From  Fio.  102. 

any  two  points,  as  A  and  B  of 
the  line,  set  off  (by  some  of 
the  methods  which  have  been 

given)  equal  perpend iculars,  A  G  and  B  D,  long  enough  to  pass 
the  obstacle.  Prolong  this  line  beyond  the  obstacle,  and  from 
any  two  points  in  it,  as  E  and  F,  meaaure  the  perpendiculars 
E  G  and  F  H  equal  to  the  first  two,  but  in  a  contrary  direction. 
Then  will  G  and  H  be  two  points  in  the  line  A  B  prolonged  which 
can  be  continued  by  the  method  of  the  last  article.  The  points 
A  and  B  should  be  taken  as  far  apart  as  possible,  as  should  also 
the  points  E  and  F.  Three  or  more  perpendiculars  on  each  side 
of  the  obstacle  may  be  set  off,  in  order  to  increase  the  accuracy 
of  the  operation.  The  some  thing  may  also  be  done  on  the  other 
side  of  the  line,  as  another  confirmation  or  test  of  the  accuracy 
of  the  prolonged  line. 

131.  By  Eqnilatenl  TriasglM.    The  obstacles  noticed  in  the  last 

article  may  also  be  overcome  by  means  of  three  equilateral  trian- 

j^^  jj,j_  gles  formed  by  the  chain.     Fix  one  end 

of  the  chain,  and  also  the  end  of  the 

first  link  from  its  other  end,  at  B  ;  fix 

the  end  of  the  33d  link  at  A ;  take 

hold  of  the  66th  link  and  draw  the 

chain   tight,   pulling  equally  on  each 

part,  and  put  a  pin  at  the  [Htint  thus 

found,  C  in  the  figure.     An  cqnilateral 

triangle  will  thus  be  formed,  each  side 

being  83  links.     Prolong  the  line  AC  past  the  obstacle  to  some 
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point,  as  D.  Make  another  equilateral  triangle,  DEF,  aa  be- 
fore, and  thus  fix  the  point  F.  Prolong  D  F  to  a  length  equal 
to  that  of  AD,  and  thus  fix  a  point,  G.  At  G  form  a  third 
equilateral  triangle,  GUK,  and  thus  fix  a  poiut,  K.  Then  will 
K  G  give  the  direction  of  A  B  prolonged. 

138.  By  Bynmetrisal  TriaiiglM.    Let  A  B  be  the  line  to  be  pro- 
„      ^  longed.    Take  any  convenient 

point,  as  C.  Kange  out  the 
line,  AC,  to  a  point  A',  such 
that  0  A'  =  C  A.  Range  out 
C  B,  80  that  C  B'  =  C  B. 
Sange  backward  A'  B'  to  some 
point  D,  such  that  DC  pro- 
longed will  pass  the  obstacle. 
Find,  by  ranging,  the  inter- 
section at  E  of  D  B  and  A  C.  From  G  measure,  on  G  A',  the  dis- 
tance C  E'  =  C  E.  Then  range  out  D  C  and  B'  E'  to  thoir  intersec- 
tion in  P,  which  will  be  a  required  point  in  the  direction  of  A  B 
prolonged.  The  symmetrical  points  are  marked  by  corresponding 
letters.     Several  other  poiota  should  be  obtained  in  the  same 


In  this,  as  in  all  similar  operatioi 
should  be  avoided  as  far  as  possible. 

133.  By  Tnuuvenak     Let  A  B  be 

the  given  line.  Take  any  two  points 
C  and  D,  such  that  the  line  0  D  will 
pass  the  obstacle.  Take  another  point, 
E,  in  the  intersection  of  C  A  and  D  B. 
Measure  A  E,  A  C,  C  D,  B  D,  and  B  E. 
Then  the  distance  from  D  to  P,  a 
point  in  the  required  prolongation,  will 

beDP--  CDXBDXAE 

BExAG-BDxAK 
Other   points    in    the   prolongation 
may  be  obtained  in  the  same  manner, 
by  merely  moving  the  single  point  0  in 


,  very  acute  intersections 
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the  line  of  E  A  ;  in  which  case  the  new  distances,  C  A  and  C  D. 

will  alooe  reqnire  to  be  measared. 

If  AE  be  made  equal  to  AC,  then  is  PP=bE-BD- 

If  BE  be  made  eqnal  to  BD,  then  is  DP=^^^^. 

The  minus  sign  in  the  denominators  must  be  understood  aa 
only  meaning  that  the  difference  of  the  two  terms  is  to  be  taken, 
without  regard  to  which  is  the  greater. 

134.  By  Hftrmonio  Conjogatet.    Let  A  B  be  the  given  line.    Set 
a  btake  at  an;  point  C.     Set  stakes 
at  point*  D,  on  the  line  C  A,  and  *''"•  "^- 

at  E,  on  the  line  C  B ;  these  points,      A __B5p^'^^%^P 

D  and  E,  being  so  chosen  that  the  \""^---,  w' ; ty^?-^ /'' 
line  DE  will  pass  beyond  the  ob-  \         "'/■---.■--''       -' 

stacle.     Set  a  fourth  stake,  F,  at  "\,    /,.-'<' i'}'    / 

the  intersection  of   the   lines  AE  ^:--.,  '•./';  / 

and  DB.     Set  a  fifth  stake,  G,  "■■•■%i^ 

anywhere  in  the  lineCF;  a  sixth  k\Vi 

atake,  H,  at  the  intersection  of  0  B  J 

and  D  G  prolonged  ;  and  a  seventh, 

K,  at  the  iuterflection  of  C  A  and  E  G  prolonged.  Finally,  range 
ont  the  lines  D  E  and  K  H,  and  their  intersection  at  P  will  be  in 
the  line  A  B  prolonged. 

185.  By  flie  Craiplete  aoadrilatenO.  Let  A  B  be  the  given  line. 
Take  any  convenient  point 
C ;  measure  from  it  to  B, 
and  onward,  in  the  same 
line  prolonged,  an  equal 
distance  to  D.  Take  any 
other  convenient  point,  E, 
"  H  auch   that  C  E  and   D  E 

produced  will  clear  the  ob- 
stacle. Measure  from  E  to  A,  and  onward,  an  equal  distance,  to 
F.     Range  out  the  lines  F  C  and  D  E  to  their  intersection  in  Q. 
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Range  out  F  D  and  C  E  to  intersect  in  H.  Measnre  G  H.  Its 
middle  point,  P,  is  the  required  point  in  the  lioe  of  A  B  prolonged. 
The  unavoidable  acute  intersectioDs  in  this  constmction  are  ob- 
iectiouable. 

B.  To  nrTBBPOLATB  Points  nr  &  Link. 
136.     The  moet  distant  given  point  of  tbe  line  must  be  made 
as  conspicnons   aa 
Front  VioB.  Sdt  Vita.  Bade  Vita. 


any 


possible 
efficient 
such  as  placing 
there  a  staff  bear- 
ing a  Sag  :  red  and 
whit«,  if  seen 
f^inst  woods  or 
other  dark  back- 
ground ;  and  red 
and  green,  if  seen 
against  the  sky. 
A 


and    portable    signal    is    shovn    in    the    figure. 

The  figure  represents  a  disk  of  tin  about  six  inches  in  diameter, 
painted  white  and  hinged  in  the  middle,  to  make  it  more  portable. 
It  is  kept  open  by  the  bar,  B,  being  turned  into  the  catch,  C.  A 
screw,  S,  holds  the  disk  in  a  slit  in  the  top  of  the  pole. 

Another  contrivance  is  a  strip  of  tin,  which  has  it^  ends  bent 
horizontally  in  contrary  directions.  As  the  wind  will  take  strong- 
est hold  of  the  side  which  is  concave  toward  it,  the  bent  strip  will 
continually  revolve,  and  thus  be  very  conspicuous.  Its  upper  half 
should  be  painted  red,  and  its  lower  half  white. 

A  bright  tin  cone  set  on  the  staff  can  be  seen  at  a  great  distance 
when  the  sun  is  shining. 

137.     Banging  to  a  point  thus  made  conspicuous  is  very  simple 

when  the  ground  is  level.  The  surveyor  places  his  eye  at  the  near- 
est end  of  tlie  line,  or  stands  u  little  behind  a  rod  placed  on  it,  and 
by  signs  moves  an  assistant,  holding  a  rod  at  some  point  as  nearly 
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in  the  desired  line  ae  he  can  guess,  to  the  right  or  left,  till  his  rod 
appears  to  cover  the  distant  point. 


r  low  spot  intervenes  be- 


188.  Aoron  a  Valley.  When  a  valley  o 
tween  the  two  ends  of  the 
line,  A  and  Z  in  the  figare, 
a  rod  held  in  the  low  place, 
as  at  B,  would  seldom  I 
high  enough  to  be  seen 
from  A,  to  cover  the  dis- 
tant rod  at  Z.  In  sach  a 
case,    the    surveyor   at  A 

should  hold  up  a  plumb-line  over  the  point,  at  arm's  length,  and 
place  his  eye  so  that  the  plumb-line  oovere  the  rod  at  Z.  He 
should  then  direct  the  rod  held  at  B  to  be  moved  till  it,  too, 
is  covered  by  the  plumb-line.  The  point  B  is  then  said  to  be 
"in  line"  between  A  and  Z.  In  geometrical  language,  B  has  now 
been  placed  in  the  vertical  plane  determined  by  the  vertical  plumb- 
line  and  the  point  Z.  Any  number  of  intermediate  points  can  thus 
be  "interpolated,"  or  placed  in  line  between  A  and  Z. 

139.  Over  a  Hill.    When  a  hill  rises  between  two  points  and 
prevents  one  being  seen  from  the  other,  as  in  the  figure  (the  upper 

part  of  which 
shows  the  hill  in 
"elevation,"  and 
the  lower  pari; 
in  "  plan  "),  two 
observers,  B  and 
C,  each  holding 
a  rod,  may  place 
themselves  on 
the  ridge,  in  the 
line  between  the 
two  points,  as 
nearly  as  they 
can  guess,  and  so  that  each  can  at  once  see  the  other  and  the  point 
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beyond  him.  B  looks  to  Z,  and  by  signals  pbtE  C  "in  line." 
G  then  looks  to  A,  and  puts  B  in  line  at  B'.  B  repeats  liia  oper- 
ation from  B',  putting  C  at  C,  and  ia  then  himself  moved  to  B", 
and  Bo  they  alternately  "line"  each  other,  continually  approxi- 
mating to  the  straight  line  between  A  and  Z,  till  they  at  last  find 
themselves  both  exactly  in  it,  at  B'"  and  C", 

140.  A  single  person  may  put  himself  in  line  between  two 
points,  on  the  same  principle,  by  laying  a  straight  stick  on  some 
support,  going  to  each  end  of  it  in  tnrn,  and  making  it  point  suc- 
cessively to  each  end  of  the  line.  The  "  Surveyor's  Cross,"  Art 
93,  is  convenient  for  this  purpose,  when  set  up  between  the  two 
given  points  and  moved  again  and  again,  until,  by  repeated  trials, 
one  of  its  slits  sights  to  the  given  points  when  looked  through  in 
either  direction. 

141.  On  Water.     A  simple  instrument  for  the  same  object  is 

represented  in  the  figure.     A  B  and  C  D 
Fm.  111.  are  two  tubes,  about  IJ  inch  in  diame- 

ter, connected  by  a  smaller  tabe,  EF, 
A  piece  of  looking-glass,  G  H,  is  placed 
in  the  lower  part  of  the  tube  AB,  and 
another,  KL,  in  the  tube  CD.  The 
planes  of  the  two  mirrors  are  at  right 
angles  to  each  other.  The  eye  ia  placed 
at  A,  and  the  tube  A  B  is  directed  to 
any  distant  object,  aa  X,  and  any  other 
object  behind  the  observer,  aa  Z,  will  be 
seen,  apparently  under  the  first  object 
^  in   tlie  mirror  G  H,  by  reflection  from 

the  mirror  KL,  when  the  observer  haa 
succeeded  in  getting  in  line  between  the  two  objects.  MN  are 
screws  by  which  the  mirror  E  L  may  be  adjnsted.  The  distance 
between  the  two  tubes  will  canse  a  amall  parallax,  which  will, 
however,  be  insensible  except  when  the  two  objects  are  near  to- 
gether. 
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14S.  Throngh  a  Wood.     When  a  wood  interveDes  between  any 
two  given  pointa,  preventing  one  from  being  seen  from  the  other, 
as  in  the  figure,  in  which  A  and  Z  are  the  given  points,  proceed 
thus:  Hold  a  rod 
at    some    point 
B'  as  nearly  in 
the  desired  line 
from   A  as  can 
he    guessed    at, 

aud  as  far  from  A  as  possible.  To  approximate  to  the  proper 
direction,  an  assistant  may  be  sent  to  the  other  end  of  the  line, 
and  hia  shouts  will  indicate  the  direction  ;  or  a  gun  may  be 
fired  there;  or,  if  very  distant,  a  rocket  may  be  sent  np  after 
dark.  Then  range  out  the  "random  line  "  A  B',  by  the  method 
given  in  Art.  138,  noting  also  the  distance  from  A  to  each  point 
found,  till  you  arrive  at  a  point  Z',  opposite  to  the  point  Z — i.  e., 
at  that  point  of  the  line  from  which  a  perpendicular  there  erected 
would  strike  the  point  Z.  Measure  Z'  Z.  Then  move  each  of  the 
stakes,  perpendicularly  from  the  line  A  Z',  a  distance  proportional 
to  their  distances  from  A.  Thus,  if  A  Z'  be  1,000  links,  and  Z'Z 
be  10  links,  then  a  stake  B',  200  links  from  A,  should  be  moved  % 
links  to  a  point  B,  vrhich  will  be  in  the  desired  straight  line  AZ; 
if  C  be  400  links  from  A,  it  should  be  moved  4  links  to  C,  and 
BO  with  the  resL  The  line  should  then  be  cleared,  and  the  accu- 
racy of  the  position  of  these  stakes  teBt«d  by  ranging  from  A  to  Z, 

143.  To  an  Invinbl*  Interwetion.    Let  A  B  and  0  D  be  two 

lines,    which,     if    pro> 

2     longed,  would  meet  in  a 

;='*     point  Z,    invisible  from 

either  of  them  ;  and  let 

P  be  a  point  from  which 

a  line  is  required  to  be 

set  out  tending  to  this 

invisible       intersection. 

Set   stakes   at    the  five 

given   points,  A,  B,  0,  D,  P.      Set  a  sixth  stake  at  B,   in  the 
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aliDementa  of  AD  and  CP;  aad  a  seveDth  stake  at   F,  iu  the 

alinemeDta  of  B  C  and  A  P.     Then  set  an  eighth  stake  at  0,  in  the 

alinementa  of  BE  and  DF.     PQwill  be  the  required  line.     This 

is  an  application  of  the  "Theory  of  TransTersals. " 

Otherwise :  Tbrongh  P  range  oat  a  parallel  to  the  line  B  D. 

Note  the  points  where  this  pamllel  meets  A  B  and  C  D,  and  call 

these  points  Q  and  R.     Then  the  distance  from  B,  on  the  line  B  D, 

to  a  point  which  shall  be  in  the  reqaired  line  panning  from  P  to 

BD  X  QP 
the  inrisible  point,  will  be  =  — g-p — . 

H.  OhsttuslBS  to  KeAsurement 
144.  The  cases  in  which  the  direct  measnrement  of  a  line  ia 
prevented  by  Tarions  obstacles  may  be  reduced  to  three : 

A.  When  hotk  ends  of  the  line  are  accessible. 

B.  When  one  end  of  it  is  inaceeseiibU. 

C.  When  both  ends  of  it  are  inaccessible. 

A  Wbkd  Botb  Ends  ot  tbb  Lurs  abi  aookuiblr. 

146.  By  Perpendionlan.    On  reaching  the  obstacle,  ae  at  A  in 

the  figure,   set  off  a  perpendicular, 

■  AB;  turn  a  second   right  angle  at 

B,  and  measure  past  the  obataclo ; 

turn  a  third  right  angle  at  C,  and 

measure   to   the  origins!   Hue  at  D. 

Then  will    the  measured   distance, 

B  C,  be  eqnal  to  the  desired  distance,  A  D. 

If  the  direction  of  the  line  is  also  Fia.  lie. 

unknown,  it  will  be  moat  easily  obtained 
by  the  additional  jierpendiculars  shown 
in  Fig,  108  of  Art.  130. 

146.  By  Eqailatenl  Trianplea,  The 
method  given  in  Art.  131  for  determin- 
ing the  direction  of  a  line  through  an 
obstacle  will  also  give  its  length  ;  for 
in  Fig.  115  the  desired  distance  AG  la 
equal  to  the  measured  distances  AD  or  DO, 
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147.  By  Symmetrioal  Triangles,     Let  A  B  be  the  diatanoe  lo- 
quired.     Measure  from  A  obliquely 

to  some  point  C  past  the  obstacle. 
Measure  onward,  in  the  same  line, 
till  C  D  is  as  long  as  A  G.  Place 
stakes  at  G  and  D.  FromB  meas- 
ure  to  G,  and  from  G  measnre  on- 
ward, in  the  same  line,  till  G£  is 
eqnal  to  CB.  Measure  E  D,  and 
it  will  be  equal  to  A  B,  the  distance 

reqaired.  If  more  convciiient,  make  GD  and  GE  eqnal,  rospec- 
tivelj,  to  half  of  A  G  and  G  B ;  then  will  A  B  be  equal  to  twice 
PE. 

148.  By  TrsaiVAnala.  Let  A  B  be  the  required  distance.  Set 
a  stake,  0,  in  the  line  prolonged ; 
set  another  stake,  D,  bo  that  0 
and  B  can  be  seen  from  it ;  and  a 
third  stake,  E,  in  the  line  of  B  D 
prolonged,  and  at  a  distance  from 
D  eqnal  to  the  distance  from  D 
to  B.  Set  a  fonrth  stake,  F,  at 
the  intersection  of  EA  and  GD. 

AC,- 


Fra.  117. 


Ueaenre  AO,  AF,  and  FE.     Then  is  AB  = 


AF 


(FE-AF). 


B.  Wbin  Onb  End  at  teb  Line  s  isAOOBBfliBiA- 
149.  By  PerpendicuUn.     This  principle  may  be  applied  i 
variety   of   ways.     In   Fig.    118  let  A  B  be   the 
required  distance.     At  the  point  A  set  off  AG 
perpendicular  to  AB,   and    of    any  conTenient 
length.    At  G  set  off  a  perpendicular  to  C  B. 
and  continue  it  to  a  point,  D,  in  the  line  of  A 
_AC' 
"AD. 


and  B.     Measure  D  A.     Then  is  A  B  = 


160.  Otherwise:  At  (he  point  A,  in  Pig.  119, 
t  off  a  perpendicular,  AC.     At  G  set  off  another  perpendioa- 
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to  AB. 
If  EC  =  iAE,  then  CD  = 


lAXD-SUB  VETIlf&. 

lar,  CD.      Find  a  point,  E,  in   the  line  of 
A  C  and  B  D.    Measnre  A  E  and  E  C.    Then 

If  £  G  be  made  eqnal  to  A  E,  and  D  be 
set  in  the  line  of  BE,  and  also  in  the  per- 
pendicular  from  C,  then  will   0  D  be  equal 


iAB. 


IBl.  Otherwise :  At  A,  in  Fig.  120,  measure 
a  perpendicular,  A  C,  to  the  line  A  B ;  and  at 
any  point,  as  D  in  this  line,  set  o3  a  perpen- 
dicatar  to  D  B,  and  continue  it  to  a  point  E,  in 
the  line  of  OB.  Measure  DE  and  also  DA. 
AOX  AD 


Then  ia  A  B  = 


DE  — AC 


162.  By  Parallels.  From  A  measure 
AG  in  anj  convenient  direction.  From  a 
point  D,  in  the  line  of  B  C,  measure  a 
line  parallel  to  C  A,  to  a  point  E  in  the 
line  of  A  B.  Measure  also  A  E. 
.ACXAE 


Then  is  A  B  = 


DE-AC 


158.  By  a  Parallelogram.  Set  a  stake,  C,  in  the  line  of  A  and 
B,  and  set  another  stake,  D,  wherever  conven- 
ient. With  a  .distance  eqnal  to  CD,  describe 
from  A  an  are  on  the  ground ;  and,  with  a  dis- 
tance equal  to  A  C,  describe  another  arc  from 
D  intersecting  the  first  arc  in  E.  Or,  take  A  C 
and  0  D  ao  that  together  they  make  one  chain  ; 
fii  the  ends  of  the  chain  at  A  and  D ;  take 
hold  of  the  chain  at  such  a  link  that  one  part 
of  it  .equals  AOand  the  other  CD,  and  draw 
it  tight  to  fix  the  point  E.     Set  a  stake  at  F  in  the  intereection 


byGoogIc 


OBSTACLES   TO  MEASUREMENT  IN  CRAIlf-SUSVEYZNG.  95 
Then   is  A  B  = 
or  CB  =  -  '^"'^'^ 


of  A  E  and   D  B. 
ACx  AJ" 

EF      ' 


Measure  A  F  and   E  F. 
ACXCD 
EP      ■ 


164  By  Symnetiical  Tiisnglei.     Let  A  B  be  the  required  dis- 
tance.    From  A  measure  a  line  in  any 

convenient  direction,  as  AG,  and  meas*  Fia  123        ^ 

ore  onward,  in  the  same  direction  till 
CI>  =  AC.  Take  any  point  B  in  the 
line  of  A  and  B.  Measare  from  E  to 
C,  and  onward  in  the  same  line,  till  OF 
=  G  £.  Then  find  by  trial  a  point  G, 
which  shall  be  at  the  same  time  in  the 
line  of  G  aod  B,  and  in  the  line  of  D 
and  F.  Measure  the  distance  from  G 
to  D,  and  it  will  be  equal  to  the  re- 
quired distance  from  A  to  B.  If  more  convenient,  make  C  D  = 
i  A  C,  and  C  F  =  J  0  E,  as  shown  by  the  finely  dotted  lines  in 
the  figure.     Then  will  D  G  =  ^  A  B. 


CE. 

CA'. 


1S6.  Otherwise :  Prolong  B  A  to  some  point  C.  Bange  oat 
any  convenient  line  C  A',  and  measure 
no.  iM.  ^  G  A '  =  G  A.  The  triangle  G  A'  B  is 
now  to  be  reproduced  in  a  symmetrical 
triangle  situated  on  the  accessible 
ground.  For  this  object  take,  on  A  G, 
some  point  D  and  meaenre  0  D'  = 
0  D.  Find  the  point  E  at  the  inter- 
section of  A  D'  and  A'  D.  Find  the 
point  F  at  the  intersection  of  A'  B  and 
Lastly,  find  the  point  B'  at  the  intersection  of  A  F  and 
Then  will  A'  B'  =  A  B.    The  symmetrical  points  have  cor- 


responding letters  affixed  to  them. 

1S6.  Br  Transrersals.  Set  a  stake,  0,  in  the  alinement  of 
B  A;  a  second,  D,  at  any  convenient  point  ;  a  third,  E,  in 
the  line  G  D ;  and  a  fourth,  F,  at  the  intersection  of  the  aline- 
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menta    of    D  A  and   E  B. 

C  E,  E  D,  D  F,  and  F  A. 

ACx AFxDE 


Measure    A  C, 
Then  is  A  B  = 


OExDF  —  AFxDB' 

If  the   point  E  be  taken  in  the  middle 
of  C  D  (as  it  is  in  the  fignre),  then  A  B  = 
ACX  AF 
-^C     DF-AF* 
If  the  point  F  be  taken  in  the  middle  of  A  D,  then  A  B  = 
ACxDE 

Oe-de* 

The  minui  signs  mnst  be  interpreted  as  in  Art.  121. 

157.  By  Harmonio  SiTialoB.    Set  stakes,  C  and  D,  on  each  side 
of  A,  and  so  that  the  three  are  in  the 

same  straight  line.     Bet  a  third  stake  ^^-  ^^^ 

at  any  point,  E,  of  the  line  A  B.     Set  ^ 

a  fonrth,  F,  at  the  intersection  of  OB  T_'  '_  -/^''^'}^' 

and  D  E ;  and  a  fifth,  G,  at  the  inter-  ^^^^^^ 

section  of  DB  and  CE.     Set  a  sixth  ^ ,■_ ■        '. 

stake,  H,  at  the  intersection  of  A  B  and  /'       "'j/fi'       \ 

F  G.     Measure  A  E  and  E  H.     Then  is  /,,'''      j    ~~--,  \ 


AB  = 


A  B  -  E  H" 


-5— TB 


Intooenible  Line.  The  shortest  distance,  C  D,  from 
a  given  point,  C,  to  an  inaccessible 
straight  lino  A  B,  is  required.  From 
C  let  fall  a  porpendicnlar  to  A  B,  by 
the  method  of  Art  119.  Then  set  a 
stake  at  any  point,  E,  on  the  line  A  C  ; 
set  a  second,  F,  at  the  intersection  of 
E  B  and  CD;  a  third,  G,  at  the  inter- 
section of  A  F  and  C  B  ;  and  a  fourth, 
H,  at  the  intersection  of  E  G  and  C  D. 


Keaanre  0  H   and    H  F. 


mi  n   T\  CHXCF 

Then    ..   CD  =  j,jj-jjj,; 

,„_  c H X c r 

sen -OF 


rOD 
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109.  To  an  Inaooewible  InterwctioiL     Wlien  two  lines  (as  A  B, 
C  D,  in  the  fignre)  meet  in  a 
river,  a  building,  or  any  other  *^*''  "^ 

inacceaeihle  point,  the  distance 
(rotn  any  point  of  either  to 
their  intersection,  D  E,  for  ex- 
ample, may  be   found    thus  : 

From  any  point  B,  on  one  line,  ^  , 

measure  B  B,  and  continue  it 
till    D  F  =  D  B.      From    any 

other  point  G  of  the  former  line  measure  G  t),  and  continue  the 
line  till  D  H  =  G  D.  Continue  H  F  to  meet  D  0  in  some  poijit 
E.  Measure  K D.  ED  will  be  equal  to  the  desired  distance  D  £. 
BE  can  be  found  by  measuring  FK,  which  is  equal  to  it 
If  D  F  and  D  U  bo  made  respectively  equal  to  one  half  or  one 
third,  etc.,  of  D  B  and  D  G,  then  will  K  D  and  K  F  be  respectively 
equal  to  one  half  or  one  third,  etc.,  of  D  E  and  B  E. 

0.  Whbr  Botb  Eitm  of  rai  Lura  abi  tNAooBesisLB. 

160.  By  Similar  Triangles.    Let  A  B  be  the  inaccessible  die- 

tance.     Set  a  stake  at  any  convenient  point 
Fto.  139.  G,  and  find  the  distances  C  A  and  C  B  by 

any  of  the  methods  jiist  given.    Set  a  sec- 
ond stake  at  any  point,  D,  on  the  line  G  A. 

Measure  a   distance    equal  to   — p-r , 

from  G,  on  the  line  C  B,  to  some  point  E 

Measure  DE.    Then  is  A  B  =  -  -  J^^— . 

If  more  convenient,  measure  G  D  in  the  contrary  direction  from 
the  river,  as  in  Fig.  130,  instead  of  toward  it,  and  in  other  respect* 
proceed  as  before. 

161.  By  ParaUeLi    Ut  A  B  be  the  in-      ^         '"^  '*»■ 
accessible  distance.     From  any  point,  as  0, 
range  out  a  parallel  to  A  B,  as  in  Art. 
124,  etc.     Find   the  distance  C  A  by  Art. 
149,  etc.     Set  a  stake  at  the  point  E,  the 
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intersection  of  C  A  and  D  B,  and  measure 
CE.     Th»i.AB  =  ^5jL(AC-CE). 

168.  By  a  Parallelogram.  Set  a  stake  at 
any  coDTenioDt  point  G.  Set  stakes  D  and 
E  anywhere  in  the  alinements  C  A  and  G  B. 

With  D  as  a  center,   and  a  length 

of  the  chain  eqaal  to  CE,  describe     ^  ' ^ 

an  arc ;  and  with  E  as  a  center,  and 

a  length  of  the  chain  equal  to  G  D, 

describe  another  arc,  intersecting  the 

former  one  at  F.     A  parallelogram, 

C  D  E  F,  will  thus  be  formed.     Set 

stakes  at  G  and  H,  where  the  aline- 

ments  D  B  and   E  A  intersect  the  sides  of  this  parallelogram. 

Measure  0  D,  D  F,  0  F,  F  H,  and  H  G.  The  inaccessible  dis- 
.GDxDFxOH 


tance  A  B  = 


FGxFH      • 


163.  By  Symmetrical  Triangles     Take  any  convenient  point,  as 
G.     Set  stakes  at  two  other 
points,  D  and  D',  in  the  same 
line,   and  at  eqoal  distances 
from  0.     Take  a  point  E,  in 
the  line  of  A  D  ;    measure 
from  it  to  C,  and  onward  till 
■     0  E'  =  0  E.      Take  a  point 
F  in  the  line  of  B  D  ;  meas- 
ure from  it  to  0,  and  onward 
till  C  F'  =  0  F.     Range  out 
the  lines  AO  and  E'D',  and 
jl      set  a  stake  at  their  intersec- 
tion,   A'.       Range    ont   the 
lines  B  0  and  F'D',  and  set  a  stake  at  their  intersection,  B', 
Measure  A'  B'.    It  will  be  ecinal  to  the  desired  distance  A  B. 
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164.  Otherwise:  Take  ao;  conyeoieot  point,  as  U,  and  set  oB. 
equal  dietauces  on  each  side 

of  it,  in  the  line  of  C  A,  to      ^^ ^ 

D  and  D'.  Set  off  the  Eame 
dietaitces  from  C,  in  the 
line  of  C  fi,  to  E  and  E'. 
Through  C  set  out  a  parallel 
to  »E  or  D'E',  and  set 
stakes  at  the  points  F  and 
F'  vhere  this  parallel  in- 
tersects A  E'  and  B  D'. 
Range  out  the  lines  AD' 
and  E  F',  and  aet  a  stake 
at    their     intersection    A'. 

Bange  oat  the  lines  B  E'  and  D  F,  and  set  a  stake  at  their  inter- 
section B'.  Measure  A'B',  and  it  will  be  equal  to  the  desired 
distance  A  B. 
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COMFASS-SUBVEYINQ ;     OR   BT  THE  THIRD   METHOD. 

166.  Arigular  Surveying  detonnineB  the  relatiye  positions  of 
points,  and  therefore  of  lines,  on  the  TaiBD  Pbinciple,  as  ex- 
plained in  Art.  5. 

Either  the  compass  or  the  transit  may  be  employed  in  angnlar 
surveying. 

166.  Surveying  with  the  compass  is  a  less  direct  operation 
than  surveying  with  the  transit  But  as  the  use  of  the  com- 
pass is  much  more  ra])id  and  easy,  for  this  reason,  as  well  as 
for  its  smaller  cost,  it  is  the  instrnment  most  commonly  em* 
ployed   in   land-snrreying  in   spite  of   its   im[)erfectiona  and  in- 


The  method  of  Polar  Surveying  (or  surveying  by  the  third 
method)  embraces  two  minor  methods.  The  most  usual  one 
consists  in  going  around  the  field  with  the  instrument,  setting  it 
at  each  comer,  and  measuring  there  the  angle  which  each  side 
makes  with  its  neighbor,  as  well  as  the  length  of  each  side.  This 
method  is  called  by  the  French  the  method  of  Chtiniwment.  It 
baa  no  special  name  in  English,  but  may  be  called  {from  the 
American  .verb,  to  progress)  the  Method  of  Progresxinn.  The 
other  system,  the  Method  of  Radiation,  consists  in  setting  the  in- 
strument at  one  point  and  thence  measuring  the  direction  and 
distance  of  each  corner  of  the  field  or  other  object.  The  corre- 
sjiondiog  name  of  what  we  have  called  triangular  surveying  is  the 
Method  of  Intersections,  since  itdetermines  points  by  the  interseo- 
.  tiouB  of  straight  lines. 
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167.  When  the  two  lines  which  form  an  angle  lie  in  the  same 
horizontal  or  level  plain,  the  angle  is  called  a  korizonlal  angle.* 

When  these  lines  lie  in  a  plane  perpendicular  to  the  former,  tha 
angle  is  called  a  vertical  angle. 

When  one  of  the  lines  is  horizontal,  and  the  other  line  from  thj 
eye  of  the  observer  passes  above  the  former,  and  in  the  same  verti- 
cal plane,  the  angle  is  culled  an  angle  of  elemlion. 

When  the  latter  line  passes  below  the  horizontal  line, 


TBS  COMPASS. 

168.  The  Needle.  The  most  esgential  part  of  the  compass  is 
the  magnetic  needle.  It  is  a  slender  bar  of  steel,  usually  five  or 
six  inches  long,  strongly  magnetized,  and  balanced  on  a  pivot,  so 
that  it  may  turn  freely,  and  thus  be  enabled  to  continue  pointing 
in  the  same  direction  (that  of  the  "magnetic  meridian,"  approxi- 
mately north  and  south)  however  much  the  "compass-boi,"  to 
which  the  pivot  is  attached,  may  be  turned  around. 

As  it  is  important  that  the  needle  should  move  with  the  least 


B  BsiJ  to  be  !ioi-iio»ta1  op  levil  w 
.  nr  perpendicular  lo  a  plumb-Uni 
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possible  trictioD,  the  pivot  should  be  of  the  hardest  steel  ground  to 
a  very  sharp  point ;  and  in  the  center  of  the  needle,  which  is  to 
rest  on  the  pivot,  shonld  be  inserted  a  cap  of  agate,  or  other  hard 
materiaL  Iridium  for  the  pivot,  and  ruby  for  the  cap,  are  still 
better. 

If  the  needle  he  balanced  on  its  pivot  before  being  magnetized, 
one  end  will  sink,  or  "dip,"  after  the  needle  is  magnetized.  To 
bring  it  to  a  level,  several  coils  of  wire  are  wonnd  around  the 
needle  so  that  they  can  be  slid  along  it,  to  adjust  the  weight  of  its 
two  ends  and  balance  it  more  perfectly. 

The  north  end  of  the  needle  is  usually  cut  into  a  more  oma- 
mental  form  than  the  south  end  for  the  sake  of  distinction. 

The  principal  requisites  of  a  compaes-needle  are  intensity  of 
directive  force  and  susoeptibility.  Beyond  a  certain  limit,  ea;  five 
inches,  no  additional  power  is  gained  by  increasing  the  length  of 
the  needle.  On  the  contrary,  longer  ones  are  apt  to  have  their 
strength  diminished  by  several  consecutive  poles  being  formed. 
Short  needles,  made  very  bard,  are  therefore  to  be  preferred. 

The  needle  shonld  not  come  to  rest  very  quickly.  If  it  does,  it 
indicates  either  that  it  is  weakly  magnetized,  or  that  the  friction 
on  the  pivot  is  great  Its  seuBitivenesa  is  indicated  by  the  num- 
ber of  vibrations  which  it  makes  in  a  small  space  before  coming 
to  rest. 

A  screw,  with  a  milled  head,  on  the  under  side  of  the  plate 
which  supports  the  pivot,  is  used  to  raise  the  needle  off  this  pivot 
when  the  instrument  is  carried  about,  to  prevent  the  point  being 
dulled  by  unnecessary  friction. 

168.  The  Sights.  Next  after  the  needle,  which  gives  the  direc- 
tion of  the  fixed  line  whose  angles  with  the  lines  to  be  surveyed  are 
to  be  measnred,  should  be  noticed  the  sights,  which  show  the  direc- 
tions of  these  last  lines.  At  each  end  of  a  line  passing  through  the 
pivot  is  placed  a  "sight,"  consisting  of  an  upright  bar  of  brass, 
with  openings  in  it  of  various  forms — usually  slits,  with  a  circular 
aperture  at  their  top  and  bottom ;  all  these  arrangements  being 
intended  to  enable  the  line  of  sight  to  be  directed  to  any  desired 
object  with  precision. 
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A  telescope  which  can  move  up  and  down  in  &  vertical  plane, 
i.  e.,  a  plaoging  telescope,  or  ooe  which  can  tnrn  completely  oTer, 
is  somctimea  substituted  for  the  sights.  It  has  the  great  advantage 
of  giving  more  distinct  viBiou  at  long  distances,  and  of  admitting 
of  eights  np  and  down  very  steep  slopes.  Its  accuracy  of  vision  is, 
however,  rendered  nugatory  by  the  want  of  precision  in  the  read- 
ings of  the  needle.  If  a  telescope  be  applied  to  the  compass,  a 
graduated  circle  with  vernier  should  be  added,  thus  converting  the 
compasa  into  a  "transit." 

170.  1!h«  Divided  Circle,  We  now  have  the  means  of  indicating 
the  directions  of  the  two  lines  whose  angle  is  to  be  measured.  The 
number  of  degrees  contained  in  it  is  to  be  read  from  a  circle  divided 
into  degrees,  in  the  center  of  which  is  fixed  the  pivot  bearing  the 
needle.  The  graduations  are  usually  made  to  half  a  degree,  and  a 
quarter  of  a  d^ree  or  less  can  then  be  "estimated."  The  pivot 
and  needle  are  sunk  in  a  circular  box,  so  that  its  top  may  be  on  a 
level  with  the  needle.  The  graduations  are  nsually  made  on  the 
top  of  the  snrrounding  rim  of  the  box,  but  should  also  be  con< 
tinned  down  its  inside  circumference  so  that  it  may  be  easier  to 
see  with  what  division  the  ends  of  the  needle  coincide. 

The  degrees  are  not  numbered  consecutively  from  0°  aroand  to 
360°,  but  run  from  0°  to  90°,  both  ways  from  the  two  diametrically 
opposite  points  at  which  a  line,  passing  through  the  slits  in  the 
middle  of  the  sights,  would  meet  the  divided  circle. 

The  lettering  of  the  surveyor's  compass  has  one  important  dif- 
ference from  that  of  the  mariner's  compass. 

When  we  stand  facing  the  north,  the  east  is  on  our  right  hand, 
and  the  west  on  our  left  The  graduated  card  of  the  mariner's 
compass,  which  is  fastened  to  the  needle  and  tnms  wfth  it,  is 
marked  accordingly.  But,  in  the  surveyor'a  compass,  one  of  the 
0  points  being  marked  N.  or  north  (or  indicated  by  a  fleur-de-Us), 
and  the  opposite  one  S.  or  sonth,  the  90-degrees-poirt  on  the  right 
of  this  line,  as  you  stand  at  the  S.  end  and  look  toward  the  N.,  is 
marked  W.  or  west ;  and  the  left  hand  90-degr«e8-point  is  marked 
E.  or  east.  The  reason  of  this  will  be  seen  when  the  method  of 
using  the  compass  comes  to  be  explained. 
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171.  The  Points.  In  ordiDsry  laDd-surveying  only  four  poiota 
of   the  compass  liave  names,  viz.,  north,  Bouth,  east,  and  west; 

the  direction  of  a  line  being  de- 
scribed by  the  angle  which   it 
malies  with  a  north  and  south 
line  to  its  east  or  to  its  vest. 
But,  for  nautical  purposes,  the 
circle  of  the  compass  ia  divided 
into  thirty-two  points,  the  names 
of  which  are  shown  in  the  figure. 
Two  rules  embrace  all  the  cases : 
1.  When  the  letters  indicating 
two  points  ore  joined  together, 
the  point  half-way  between  the 
two       meant;    thns,  N.  E.  is 
half-way  between  north  and  east ;   and  N.  N.  E.  ie  half-way  be- 
tween north  and  northeast.     3.  When  the  letters  of  two  points 
are  joined   together  with  the  intermediate  word  by,  it  indicates 
the  point  which   comes   next  after  the  first  in  going  toward  the 
second  ;  thus,  N.  hy  E.  is  the  point  which  follows  north  in  going 
toward   the  east ;   S.  E.  ^y  S.  is  the  next  point  from  southeast 
going  toward  the  south. 

172.  Eccentricity.  The  center-pin,  or  pivot  of  the  needle, 
ought  to  be  exactly  in  the  center  of  the  gradnated  circle;  the 
needle  onght  to  be  straight,  and  the  line  of  the  sights  ought  to 
pass  exactly  through  this  center  and  through  the  0  points  of  the 
circle.  If  this  is  not  the  ease,  there  will  be  an  error  In  every  ob- 
servation.    This  is  culled  the  error  of  eccentricity. 

When  the  maker  of  a  compass  is  about  to  fix  the  pivot  in  place, 
he  is  in  doubt  of  two  thinps :  whether  the  needle  is  perfectly 
straight,  and  whether  the  pivot  is  exactly  in  the  center.  In  Figs, 
137  and  138  both  of  these  are  represented  as  being  excessively  in 
error. 

First,  to  examine  if  the  needle  be  str^ght.  Fix  the  pivot 
temporarily  so  that  the  ends  of  the  needle  may  cut  opposite  de- 
grees— 1.  e.,  degrees  diiTcring  by  180°.     The  condition  of  things  at 
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this  stage  of  progrees  will  be  represeoted  by  Fig.  137.     Then  turn 
the  compass-box  half-way  aronnd.    The  error  will  now  be  doubled. 


as  IB  shown  by  Fig.  138,  in  which  the  former  position  of  the  needle 
isiudicated  by  a  dotted  line.*  Now  bend  the  needle,  as  in  Fig. 
139,  till  it  cuts  divisions  midway  betwen  those  cut  by  it  in  its 
present  and  in  its  former  position.  This  makes  it  certain  that  the 
needle  is  straight,  or  that  it8  two  ends  and  its  center  lie  in  the  same 
Btraight  line. 

Second,  to  put  the  pivot  in  the  center.  Move  it  till  the 
straightened  needle  ents  opposite  divisiooe.  It  is  then  certain  that 
the  direction  of  the  needle  passes  through  the  center.  Turn  the 
compuBs-box  one  quarter  around,  and,  if  the  needle  does  not  then 
cut  opposite  divisions,  move  the  pivot  till  it  does.  Bepeat  the 
operation  in  various  positions  of  the  box.  It  will  be  a  sufScient 
test  if  it  cuts  the  opposite  divisions  of  0°,  45°,  and  90°. 

To  fix  the  sights  precisely  in  line,  draw  a  hair  through  their 
slits  and  move  them  till  the  hair  passes  over  the  0  points  on  the 
circle. 

The  surveyor  can  also  examine  for  himself,  by  the  principle  of 
reversion,  whether  the  line  of  the  sights  passes  through  the  center 
or  not.  Sight  to  any  very  near  object.  Read  off  the  number  of 
degrees  indicated  by  one  end  of  the  needle.  Then  turn  the  com- 
pass half  around,  and  sight  to  the  same  object.  If  the  two  read- 
ings do  not  ^ree,  there  is  an  error  of  eccentricity,  and  the  arith- 
metical mean,  or  half  sum  of  the  two  readings,  is  the  correct  one. 

In  Fig.  140  the  line  of  Pight  A  B  is  represented  as  passing  to 
*  Thia  it  auother  example  of  Ibe  fniittui  principle  of 
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one  side  of  the  center,  aod  the  needle  as  pointing  to  16°.     In  Fig. 
141  the  compass  is  snpjxtsed  to  have  been  turned  half  aroond,  and 


the  other  end  of  the  sights  to  be  directed  to  the  same  object. 
Suppose  that  the  needle  would  have  pointed  to  45°  if  the  line  of 
sight  had  passed  through  the  center;  the  needle  will  now  point 
to  44°,  the  error  being  doubled  by  the  reversion,  and  the  true 
reading  being  the  mean. 

This  does  not,  however,  make  it  certain'  that  the  line  of  the 
eights  passes  through  the  0  points,  which  can  only  be  tested  by  the 
hair,  aa  mentioned  above. 

173.  Lereli,  On  the  compass-plate  are  two  small  spirit-levela. 
They  consist  of  glass  tubes  slightly  curved  upward,  and  nearly 
filled  with  alcohol,  leaving  a  bubble  of  ^r  within,  them.  One  of 
them  lies  in  the  direction  of  the  sights,  and  the  other  at  right 
angles  to  this  direction.  To  adjust  them,  move  the  plate  until 
the  bubbles  u%  brought  to  the  centers  of  the  tubes,  and  then  turn 
the  plate  half  way  around.  If  the  bubbles  remain  in  the  center, 
no  adjustment  is  necessary.  If  tliey  do  not,  bring  the  bubbles 
half  way  back  te  the  center  by  the  screws  which  move  the  bubble 
tubes,  and  repeat  the  operation. 

174  Tangent  Boale.  This  is  a  convenient,  though  not  essen* 
tial,  addition  to  the  compass,  for  the  purpose  of  measuring  the 
slopes  of  ground,  so  that  the  proper  allowance  in  chaining  may  be 
made.     In  the  figure  of  the  compass  may  be  seen,  on  the  edge  of 
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the  left-hand  eight,  a  small  projection  of  braea  with  a  hole  through 
it.  On  the  edge  of  the  other  sight  are  engraved  lines  numbered 
from  0°  to  20°,  the  0°  being  of  the  same  height  above  the  compass 
plate  that  the  eye-hole  is.  To  use  this,  set  the  compass  at  the  bot- 
tom of  a  slope,  and  at  the  top  set  a  signal  of  exactly  the  height  of 
the  eye-bole  from  the  ground.  Level  the  compass  very  catefnlly, 
particularly  by  the  level  which  lies  IcDgthwise,  and,  with  the  eye 
at  the  eye-hole,  look  to  the  signal  and  note  the  number  of  the 
division  on  the  farther  sight  which  is  eat  by  tiie  visual  ray.  That 
will  be  the  angle  of  the  slope  ;  the  distances  of  the  engraved  lines 
from  the  0°  line  being  tangents  (for  the  radius  equal  to  the  dis- 
tance between  the  sights)  of  the  angles  corresponding  to  the  num- 
bers of  the  lines. 

170.  Temi«r.  The  compass-box  is  connected  with  the  plate 
which  carries  it  and  the  sights,  so  that  it  can  turn  around  on  this 
plate.  This  motion  is  given  to  it  by  a  slow  motion  or  tangent 
screw,  shown  on  the  left  of  the  compass-box  in  the  figure.  The 
space  through  which  the  compass-box  is  moved  is  indicated  by  a 
vernier.  For  description  of  a  vernier,  and  method  of  reading  It, 
see  subject  Verniera  nnder  Transit-Surveying. 

176.    Tripod.       The    compass,  like     fio.  ua.  Fia.  I4S. 

most  surveying  instmments,  is  usually 
supported  on  a  tripod,  consisting  of 
three  legs,  shod  with  iron,  and  so  con- 
nected at  top  as  to  be  movable  in  any 
direction.  There  are  many  forms  of 
these.  Lightness  and  stiffness  are  the 
qualities  desired.  The  most  usual  form 
is  shown  in  the  figures  of  the  transit 
and  the  level.  Of  the  two  represented 
in  Figs.  143  and  143  the  first  has  the 
advantage  of  being  very  easily  and 
cheaply  made  ;  and  the  second  that  of 
being  light  and  yet  capable  of  very 
firmly  resisting  horizontal  torsion. 
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The  Jointe  by  which  the  instrumeut  is  connected  with  tha 
tripod  are  also  various.  Fig.  144  is  the  "  ball-and-socket  joint," 
most  naual  in  this  coantry.  It  takes  ita  name  from  the  ball  in 
which  terminates  the  covered  spindle  which  enters  a  corresponding 
cavity  under  the  compass-plate  and  the  socket  in  which  this  ball 
turns.  It  admits  of  motion  in  any  direction,  and  can  be  tightened 
or  loosened  by  tnrDing  the  apper  half  of  the  hollow  piece  inclosing 

Fia.  144.  Fis.  US.  Fio.  146. 


it,  which  is  screwed  on  the  lower  half.  Fig.  145  is  called  the 
"shell-joint"  In  it  the  two  shell-shaped  pieces  inclosing  the  ball 
are  tightened  by  a  thnmb-screw.  Fig.  146  is  "Cngnot's  joint." 
It  consists  of  two  cylinders  placed  at  right  angles  to  each  other, 
and  through  the  axes  of  which  pass  bolts,  which  turn  freely  in  the 
cylinder,  and  c«a  be  tightened  or  loosened  by  thumb-screws  at 
their  ends.  The  combination  of  the  two  motions  which  this  joint 
permits  enables  the  instrument  which  it  carries  to  be  placed  in  any 
desired  direction.  This  joint  is  much  the  most  stable  of  the 
three. 

177.  Jacob'!  Staft  A  single  leg,  called  a  "Jacob's  staff,"  has 
some  advantages,  as  it  is  lighter  to  carry  in  the  field,  and  can  be 
made  of  any  wood  on  the  spot  where  it  is  to  be  used,  thus  saving 
the  exiiensc  of  a  tripod  and  the  troubie  or  its  transportation.  Its 
npper  end  is  fitted  into  the  lower  end  of  a  orass  head  which  has  a 
ball-and-socket  joint  and  axis  above.     Its  lower  end  should  be  shod 
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jpith  iron,  and  a  spike  running  through  it  is  nseful  for  pressing  it 
into  the  ground  with  the  foot.  Of  course,  it  can  not  be  conTcn- 
iently  used  on  frozen  ground  or  on  pavements.  It  may,  however, 
be  uet  before  or  behind  the  spot  at  which  the  angle  is  to  be  meaa- 
nred,  provided  that  it  is  placed  very  precisely  in  tho  line  of  direc- 
tion from  that  station  to  the  one  to  which  a  sight  is  to  be  taken. 

178.  Tlte  Priimatic  Compui.  The  peculiarity  of  this  inBtm- 
ment  (often  called  Schmalcalder's)  is  that  a  glass  triangular  prism 
is  substituted  for  one  of  the  sights.  Such  a  prism  has  this  peculiar 
property  that  at  the  same  time  it  can  be  seen  through,  so  that  a 
sight  can  be  taken  through  it,  and  that  its  upper  surface  reflects 
like  a  mirror,  so  that  the  numbers  of  the  degrees  immediately 
under  it  can  be  read  off  at  the  same  time  that  a  sight  to  any  object 
is  taken.  Another  peculiarity  necessary  for  profiting  by  the  last 
one   is   that   the   divided  _     .  _ 

circle  is  not  fixed,  but  is 
a  card  fastened  to  the  nee- 
dle and  moving  aroaud 
with  it,  as  _in  the  mari- 
ner's compass.  The  mi- 
nnte  description  which  fol- 
lows   is   condensed    from 


In  the  figure,  A  repre- 
sents the  composs-hox  and 
B  the  card,  which,  being 
attached  to  the  magnetic 
needle,  moves  as  it  moves 

around  the  agate  center  a,  on  which  it  is  suspended.  The  circum- 
ference of  the  card  is  nsnally  divided  to  j^  or  ^  of  a  degree.  C  is 
a  prism  which  the  observer  looks  through.  The  perpendicular 
thread  of  the  sight-vane,  E,  and  the  divisions  on  the  card  appear 
together  on  looking  through  the  prism,  and  the  division  with  which 
the  thread  coincides  when  the  needle  is  at  rest,  is  the  "bearing" 
of  whatever  object  the  thread  may  bisect — i.  e.,  is  the  angle  which 
the  line  of  sight  makes  with  tiie  direction  of  the  needle.     The 
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prism  is  motiDted  with  a  hinge-joint,  D.  The  sight-Tane  has  a 
fine  thread  Btretched  aloDg  its  opening  in  the  direction  of  ita 
length,  which  is  brought  to  bisect  any  object  by  turning  the  box 
aroand  horizontally.  F  is  a  mirror  made  to  slide  on  or  off  the 
sight-Tane,  E ;  and  it  may  be  reverBed  at  pleasure — that  is,  turned 
face  donnward ;  it  can  also  be  inclined  at  any  angle  by  means  of 
its  joint,  d;  and  it  will  remain  stationary  on  any  part  of  the  rane 
by  the  friction  of  its  slides.  Its  use  is  to  reflect  the  image  of  an 
object  to  the  eye  of  an  observer  when  the  object  is  much  above  or 
below  the  horizontal  plane.  The  colored  glasses  represented  at  Q 
are  intended  for  observing  the  sun.  At  e  is  shown  a  spring,  which, 
being  pressed  by  the  finger  at  the  time  of  observation  and  then  re- 
leased,  checks  the  vibrations  of  the  card,  and  brings  it  more  speed- 
ily to  rest  A  stop  is  likewife  fixed  to  the  other  side  of  the  box, 
by  which  the  needle  may  be  thrown  off  its  center. 

The  method  of  using  this  instrument  is  very  simple :  First 
raise  the  prism  in  its  socket,  h,  until  you  obtain  a  distinct  view  of 
the  divisions  on  the  card.  Then,  standing  over  the  point  where 
the  angles  are  to  be  taken,  hold  the  instrument  to  the  eye,  and, 
looking  through  the  slit,  C,  turn  around  till  the  thread  in  the 
sight-vane  bisects  one  of  the  objects  whose  bearing  is  required ; 
then,  by  touching  the  spring,  «,  bring  the  needle  to  rest,  and  the 
division  on  the  card  which  coincides  with  the  thread  on  tlic  vane 
will  be  the  bearing  of  the  object  from  the  north  or  south  points  of 
the  magnetic  meridian.  Then  turn  to  any  other  object  and  repeat 
the  operation ;  the  difference  between  the  bearing  of  this  object 
^^  ^^^  and  that  of  the  former  will  be  the 

angnlar  distance  of  the  objects  in 
question.  Thus,  suppose  the 
former  bearing  to  be  40°  30',  and 
the  latter  10°  15',  both  east  or 
both  west,  from  the  north  or 
south,  the  angle  will  be  30°  15'. 
The  divisions  are  generally  num- 
bered 5°,  10",  15°,  etc.,  around  the 
circle  to  360°. 

The    figures    on    the  compass' 
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card  are  revereed  or  written  upside  down,  aa  in  the  fignre  (in 
which  only  every  fifteenth  degree  ia  marked),  because  they  ate 
again  reversed  by  the  prism. 

The  prismatie  compass  is  generally  held  in  the  hand,  the  bear- 
ing being  caught,  as  it  were,  in  pasaing;  but  more  accurate  read- 
ings would,  of  counse,  be  obtained  if  it  rested  on  a  support,  such  as 
a  stake  cut  flat  on  its  top. 

In  the  former  mode,  the  needle  never  comes  completely  to  rest, 
particularly  in  the  wind.  In  such  cases,  observe  the  extreme  divis- 
ions between  which  the  needle  vibrates,  and  take  their  arithmeti- 
cal mean. 

179,  DefiMjts  of  the  Compaai.  The  compass  is  deficient  in  both 
precision  and  correctness.* 

The  former  defect  arises  from  the  indefinitenesa  of  its  mode  of 
indicating  tlie  part  of  the  circle  to  which  it  points.  The  point  of 
the  needle  has  considerable  thickness;  it  can  not  quite  touch  the 
divided  circle  ;  and  these  divisions  are  made  only  to  whole  or  half 
degrees,  though  a  fraction  of  a  division  may  be  estimated  or 
gnessed  at.  The  vernier  does  not  much  better  this,  as  we  shall  see 
when  explaining  its  use.  Now,  an  inaccuracy  of  one  quarter  of  n 
degree  in  an  angle — i.  e.,  in  the  difference  of  the  directions  of  two 
lines — causes  them  to  separate  from  each  other  5J  inches  at  the  end 
of  100  feet ;  at  the  end  of  1,000  feet,  nearly  i{  feet ;  and,  at  the 
end  of  a  mile,  33  feet.  A  difference  of  only  one  tenth  of  a  degree, 
or  six  minutes,  would  produce  a  difference  of  IJ  foot  at  the  end 
of  1,000  feet;  and  91  feet  at  the  distance  of  a  mile.  Such  are 
the  differences  which  may  result  from  the  want  of  precision  in 
tlie  indications  of  the  compass. 

But  a  more  serious  defect  is  the  want  of  correctness  in  the  com- 
pass. Its  not  pointing  exactly  to  the  true  north  docs  not,  indeed, 
affect  the  correctness  of  the  angles  measured  by  it.  But  it  does 
not  point  in  the  same  or  in  a  parallel  direction  during  even  the 

*  Hic  student  must  not  confound  these  two  qualities.  To  M;  ttutt  the  bud  sp- 
pe&rs  to  rise  in  the  easteni  qutrtcr  of  the  heitventi  and  to  set  in  the  western  is  eorrtd, 
but  not  pTKUt.  A  watch  with  a  acmnd-hond  indicates  the  time  of  dij  prcnst^n,  but 
not  always  eonvrfli/.  The  atatement  IhM  two  aud  two  make  fire  is  ^reciw,  but  ia  DM 
nauallj  regarded  as  eorreet. 
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Bftme  day,  but  changes  ite  direction  between  sunriee  and  noon 
nearly  a  quarter  of  a  degree,  as  vill  be  fully  explained  hereafter. 
The  effect  of  ench  a  difference  we  have  jnst  seen.  This  direc- 
tion may  also  be  greatly  altered  in  a  moment,  withont  the 
knowledge  of  the  surveyor,  by  a  piece  of  iron  being  brought  near 
to  the  compose,  or  by  some  other  local  attiaction,  aa  will  be  noticed 
in  Art.  186.     This  is  the  weak  point  in  the  compass. 

Notwithstanding  these  defects,  the  compass  is  a  very  valuable 
instrument,  from  its  simplicity,  rapidity,  and  convenience  in  use  ; 
and,  though  never  precise,  and  seldom  correct,  it  is  generally  not 
verjf  wrong. 

IHI  FIELD- WO&K. 

180.  Taking  Bearing!.  The  "bearing"  of  a  line  is  the  angle 
which  it  makes  with  the  direction  of  the  ueedle.  The  bearing  and 
length  of  a  line  arc  named  collectively  the  Course. 

To  take  the  bearing  of  any  line,  set  the  compass  exactly  over 
any  ix>int  of  it  by  a  plumb-line  suspended  from  beneath  the  center 
of  the  comjiass,  or,  approximately,  by  dropping  a  atone.  Level 
the  compass  by  bringing  the  air-bnbbles  to  the  middle  of  the  level 
tubes.  Direct  the  sights  to  a  rod  held  truly  vertical  or  "  plumb  " 
at  another  point  of  the  line,  the  more  distant  the  better.  The  two 
ends  are  usually  taken.  Sight  to  the  lowest  visible  point  of  the 
rod.  When  the  needle  conies  to  rest,  note  what  division  on  the 
cirele  it  points  to  ;  taking  the  one  indicated  by  the  north  end  of 
the  needle,  if  the  north  point  on  the  circle  is  farthest  from  you, 
and  vice  versa. 

Id  reading  the  division  to  which  one  end  of  the  needle  points, 
the  eye  should  be  placed  over  the  other  end,  to  avoid  the  error 
which  might  result  from  the  "parallax,"  or  apparent  change  of 
place  of  the  end  read  from,  when  looked  at  obliquely. 

The  bearing  is  read  and  recorded  by  noting  between  what  let- 
ters the  end  of  the  needle  comes,  and  to  what  number ;  naming, 
or  writing  down,jfrs/,  that  letter,  N.  or  S.,  which  is  at  the  0" 
point  nearest  to  that  end  of  the  needle  from  whicli  yon  arc  read* 
ing ;  aecoTid,  the  nnmber  of  degrees  to  which  it  points ;  and, 
third,  the  letter  E.  or  W.  of  the  90°  point  which  is  nearest  to  the 
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saxas  eud  of  the  needle.  Thns,  m 
the  fignre,  if  when  the  flights  were 
directed  along  a  line  (the  north 
point  of  the  compass  being  most 
distant  from  the  observer)  the 
north  end  of  the  needle  was  at  the 
point  A,  the  bearing  of  the  line 
sighted  on  wonld  be  north  45°  east ; 
if  the  end  of  the  needle  was  at  B, 
the  bearing  would  be  eatt ;  if  at 
C,  S.  30°  K  ;  if  at  D,  »<mih  ;  if  at 
.E,  S.  60"  W.  ;  if  at  F,  west;  if  at  G,  N.  60"  W.  ;  if  at  H,  nM-th. 


181.  We  can  now  understand  why  W.  ia  on  the  right  hand  tA 
the  compass-box  and  E.  on  the  left.     Let  the  direction  from  the 
center  of  the  compass  to  the  point 
^'      '  ^  B  in   the  figure  be  required,    and 

suppose  the  sights  in  the  first  place 
to  be  pointing  in  the  direction  of 
the  needle,  S.  N.,  and  the  north 
sight  to  be  ahead.  When  the  sights 
(and  tho  circle  to  which  thej  are 
fastened)  have  been  turned  so  as  to 
point  in  the  direction  of  B,  the 
point  of  the  circle  marked  £.  will 
have  come  ronnd  to  the  north  end  of  the  needle  {since  the 
■needle  remains  immovable),  and  the  reading  will  therefore  be 
"  east,"  as  it  should  be.  The  effect  on  the  reading  is  the  same  as 
if  the  needle  had  moved  to  the  left  the  same  distance  which  the 
sights  have  moved  to  the  right,  and  the  left  side  is  therefore 
properly  marked  "east,"  and  vice  versa.  So,  too,  if  the  bearing 
of  the  line  to  C  be  desired  half-way  between  north  and  east — i.  e., 
N.  45°  E. ;  when  the  sights  and  the  circle  have  turned  45°  to  the 
right,  the  needle,  really  standing  still,  has  apparently  arrived  at 
the  point  half-way  between  N.  and  E.,  i.  e.,  N.  45°  E. 

Some  surveyors'  compa.'^BeB   are   marked   the   reverse  of   this, 
the  E.  on  the  right  and  the  W.  on  the  left.    These  letters  must 
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then    be    revei-sed    in    the    mind   before    the    beariDg  is  noted 
down. 

183.  Btading  with  Vernier.  When  the  needle  does  not  point 
precisely  to  one  of  the  division -marks  on  the  circle,  the  fractional 
part  of  the  smallest  B^iace  is  usually  estimated  by  the  eye,  as  haa 
i^een  explained.  But  this  fractional  part  may  be  mesfured  by  the 
T-erixier  as  follows  :  Suppose  the  needle  to  point  between  N.  31°  E. 
and  N.  31^°  E.  Turn  the  tangent-screw  which  moves  the  com- 
paas-box  till  the  smaller  division  (in  this  case  31°)  has  come  round 
to  the  needle.  The  vernier  will  then  indicate  through  what  space 
the  compass-box  has  moved,  and  therefore  how  much  must  be 
added  to  tlio  reading  of  the  needia  Suppose  it  indicates  ten  min- 
utes of  a  degree.  Then  the  bearing  is  N,  31°  10'  E.  It  is,  how- 
ever, so  diGficalt  to  move  the  vernier  without  disturbing  the  whole 
instrument,  that  this  is  seldom  resorted  to  in  practice.  The  chief 
use  of  the  vernier  is  to  net  the  instrument  for  running  lines  and 
making  an  allowance  for  the  variation  of  the  needle,  as  will  be  ex- 
plained in  the  proper  place.  A  vernier  arc  is  sometimes  attached 
to  one  end  of  the  needle  and  carried  aronnd  by  it. 

183.  Praotioal  HinU  Mark  every  station  or  spot  at  which  the 
compass  is  set  by  driving  a  stake,  or  digging  up  a  sod,  or  piling  np 
stones,  or  otherwise,  so  that  it  can  bo  found  if  any  error  or  other 
cause  makes  it  necessary  to  repeat  the  survey. 

Very  often,  when  the  line  of  which  the  bearing  is  required  is  a 
fence,  etc.,  the  compass  can  not  bo  set  upon  it.  In  such  cases, 
set  the  compass  so  that  its  center  is  a  foot  or  two  from  the  line, 
and  set  the  flag-staff  at  precisely  the  same  distance  from  the  line  at 
the  other  end  of  it.  The  bearing  of  the  flag-staS  from  the  com- 
pass will  be  the  same  as  that  of  the  fence,  the  two  lines  bcinp; 
parallel.  The  distances  should  be  measured  on  the  real  line.  If 
more  convenient,  the  compass  may  be  set  at  some  point  on  the  lino 
prolonged,  or  at  some  intermediate  point  of  the  line,  "in  line" 
between  its  extremities. 

In  setting  the  compass  level,  it  is  more  important  to  have  it 
level  crosswise  of  the  sights  than  in  their  direction  ;  since,  if  it  be 
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Qot  so,  on  looVing  op  or  down  hill  through  the  upper  part  of  one 
sight  and  the  lower  part  of  the  other,  the  line  of  eight  will  not  be 
parallel  to  the  K  and  8.  or  zero  line  on  the  oompasa,  and  an  incor- 
rect bearing  will  therefore  be  obtained. 

The  compass  should  not  be  leveled  by  tlie  needle,  as  some  books 
recommend — i.  e.,  so  leveled  that  the  ends  of  the  needle  shall  be 
at  equal  distances  below  the  glass.  The  needle  should  be  brought 
80  originally  by  the  maker,  but,  if  so  adjusted  in  the  morning,  it 
vill  not  be  so  at  noon,  owing  to  the  daily  variation  in  tho  dip.  If, 
then,  the  compass  bo  leveled  by  it,  the  lines  of  sight  will  generally 
be  mom  or  less  oblique,  and  therefore  erroneous.  If  the  needle 
touches  the  glass  when  the  compaas  is  leveled,  balauee  it  by  sliding 
the  coil  of  wire  along  it. 

The  same  end  of  the  compass  should  always  go  ahead.  The 
north  end  is  preferable.  The  south  end  will  then  be  nearest  to 
the  observer.  Attention  to  this  and  to  the  caution  in  the  next 
paragraph  will  prevent  any  confusion  in  the  bearings. 

Always  take  the  readings  from  the  same  end  of  the  needle ; 
from  the  north  end,  if  the  north  end  of  the  compass  goes  ahead, 
and  viee  versa.  This  is  necessary,  because  the  two  ends  will  not 
always  cut  opposite  degrees.  With  this  precaution,  however,  the 
angle  of  two  meeting  lines  can  be  obtained  correctly  from  either 
end,  provided  the  same  one  is  used  in  taking  the  bearings  of  both 
the  lines. 

Guard  against  a  very  frequent  source  of  error  with  beginners 
in  reading  from  the  wrong  number  of 
the  two  between  which  the  needle  points,  ^°- 1"^- 

Buch  as  reading  34°  for  26°  in  a  case  like 
that  in  the  figure. 

Check  the  vibrations  of  tho  needle 
by  gently  raising  it  off  the  pivot  so  as 
to   tonch   the  glass,  and  letting  it  down  again  by  the  screw  on 
the  under  side  of  the  box. 

The  compass  should  be  smartly  tapped  after  the  needle  has 
settled,  to  destroy  the  effect  of  any  adhesion  to  the  pivot  or  fric- 
tion of  dust  upon  it. 

4Ji]  iron,  such  as  the  chain,  etc..  must  be  kept  at  a  distance 
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from  the  compasB,  or  it  will  attract  the  needle,  and  caose  it  to 
deviate  from  its  proper  direction. 

The  surveyor  is  sometimes  troubled  by  the  needle  refusing  to 
traverse  and  adliering  to  the  glas^  of  the  compass  after  he  has 
briskly  wiped  this  off  with  a  silk  handkerchief,  or  it  has  been  car- 
ried BO  as  to  rub  against  his  clothes.  The  cause  is  the  electricity 
excited  by  the  friction.  It  is  at  once  discharged  by  applying  a  wet 
finger  to  the  glass. 

A  compass  should  be  carried  with  its  face  resting  against  the 
aide  of  the  surveyor,  and  one  of  the  sights  hooked  over  his  arm. 

Id  distant  surveys  an  extra  center-pin  should  be  carried  (as  it 
is  very  liable  to  injury,  and  its  perfection  is  most  essential),  and 
also  an  extra  needle.  When  two  such  are  carried  they  should  be 
placed  so  that  the  north  pole  of  one  rests  against  the  south  pole  of 
the  other, 

181.  When  the  magnetism  of  the  needle  is  lessened  or  de- 
stroyed by  time,  it  may  bo  renewed  as  follows  :  Obtain  two  bar 
magnets.  Provide  a  board  with  a  hole  to  admit  of  the  asis,  so 
that  its  collar  may  fit  fairly,  and  that  the  needle  may  rest  fiat  on  it 
without  bearing  at  the  center.  Place  the  board  before  yon  with 
the  north  end  of  the  needle  to  your  right.  Take  a  magnet  in 
each  hand,  the  left  holding  the  north  end  of  the  bar,  or  that  which 
has  the  mark  across,  downward,  and  tiic  right  holding  the  same 
mark  upward.  Bring  the  bars  over  the  axis,  about  a  foot  above 
it,  without  approaching  each  other  within  two  inches ;  bring  tliem 
down  vertically  on  the  needle  (the  marks  as  directed)  about  an 
inch  on  each  side  of  its  axis ;  slide  them  outward  to  its  ends  with 
slight  pressure  ;  raise  them  up;  bring  them  to  their  former  posi- 
tion, and  repeat  this  a  number  of  times. 

IBS.  Baok-S^htl.  To  test  the  accnracy  of  the  bearing  of  a  line 
taken  at  one  end  of  it,  set  up  the  compass  at  the  other  end  or  poiut 
sighted  to,  and  look  back  to  a  rod  held  at  the  first  sbition  or  point 
where  the  compass  had  been  placed  originally.  The  reading  of  the 
needle  shonid  now  be  the  same  as  before. 

If  the  position  of  the  sights  had  been  reversed,  the  reading 
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would  be  the  Reverse  Bearing;  a  former  bearing  of  N.  80°  E. 
would  then  be  S.  30"  W.,  and  so  on. 


186.  Local  Attraction.  It  the  back-sight  docs  not  agree  with 
tltc  6rst  or  forward  sight,  this  latter  must  bo  taken  over  again.  If 
tlie  same  difference  is  again  found,  tliis  shows  that  there  is  local 
attraction  at  one  of  the  atationa — i.  e.,  aome  influence,  such  as  y 
tu^s  of  iron-ore,  fermginous  roclis,  etc,  under  the  surface,  which 
attracts  the  needle,  and  makes  it  deviate  from  its  usual  direction. 
Any  high  object,  such  as  a  bouse,  a  tree,  etc,  .has  been  found 
to  produce  a  similar  effect. 

To  discover  at  whicli  station  the  attraction  exists,  set  the  com- 
pass at  several  intermediate  points  in  the  line  which  joins  the  two 
stations,  and  at  points  in  the  line  prolonged,  and  take  the  bearing 
of  the  line  at  each  of  these  points.  The  agreement  of  several  of 
these  bearings,  taken  at  distant  points,  will  prove  their  correctness. 
Otherwise,  set  the  compass  at  a  third  station,  sight  to  each  of  the 
two  doubtful  ones,  and  then  from  them  back  to  this  tiiird  station. 
This  will  show  which  is  correct. 

When  the  difference  occurs  in  a  series  of  lines,  such  as  around  a 
field  or  along  a  road,  proceed  thus :  Let  C  be  the  station  at  which 
the  back-sight  to  B  differs 
from  the  fore-sight  from  B  to 
C  Since  the  back-sight  from 
B  to  A  is  supposed  to  have 
agreed  with  t\\e  fore  -  sight 
from  A  to  B,  the  local  attrac- 
tion most  be  at  C,  and  the  forward 
bearing  must  be  corrected  by  the  dif- 
ference jnst  found  between  the  fore- 
_^©D  and  back-sights,  adding  or  subtracting 
it,  according  to  circumstances.  An 
easy  method  is  to  draw  a  figure  for  the 
case,  as  in  Fig.  153.  In  it,  mippose 
the  trne  beiiring  of  B  C,  as  given  by 
a  fore-sight  from  B  to  C.  to  be  N.  40" 
£.,  but  that  there  is  local  attraction 
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at  C,  BO  that  the  needle  )b  drawn  aside  10°,  and  points  in  the  di< 
rection  S'  M'  insteud  of  8  N.  The  back-eight  from  G  to  B  will 
then  give  a  hearing  of  N.  50°  £.  ;  a  difference  or  correction  for 
the  next  fore-sight  ol  10".  If  the  next  fore-eight,  from  C  to  D, 
be  N.  70°  E.,  this  10°  mast  bo  subtracted  from  it,  making  tlio 
true  fore-sight  N.  60°  E. 

A  general  role  may  also  be  given.  When  the  hack-sight  it, 
greater  than  the  fore-sight,  as  in  this  case,  subtract  the  difference 
from  the  next  fore-flight,  if  that  course  and  the  preceding  one 
have  both  their  letters  the  same  (as  in  this  case,  both  being  N.  and 
E.),  or  both  their  letters  different;  or  add  the  difference  if  either 
the  first  or  last  letters  of  the  two  courses  are  different.  When  the 
back-sight  is  less  than  the  fore-sight,  add  the  difference  in  the  case 
in  which  it  has  just  been  directed  to  subtract  it,  and  subtract  It 
where  it  was  before  directed  to  add  it. 

187.  Anglea  of  Deflection.  When  the  compass  indicates  much 
local  attraction,  the  difference  between  the  directions  of  two  meet- 
ing lines  {or  the  "angle  of  deflection"  of  one  from  the  other)  can 
still  be  correctly  measured  by  taking  the  difference  of  the  bearings 
of  the  two  lines,  us  observed  at  the  same  point  For  the  error 
caused  by  the  local  attraction,  whatever  it  may  be,  affects  both 
bearings  equally,  inasmuch  as  a  "bearing"  is  the  angle  which  a 
line  makes  with  the  direction  of  the  needle,  and  that  here  remains 
fixed  in  some  one  direction,  no  matter  what,  during  the  taking  of 
the  two  bearings.  Thus,  in  Pig.  153,  let  the  true  bearing  of  B  C — 
\.  e.,  the  angle  which  it  makes  with  the  line  SN — be,  as  before, 
N.  40°  E.,  and  that  of  C  D,  N.  60°  E.  The  true  "angle  of  deflec- 
tion "  of  these  lines,  or  the  angle  B'  0  D,  is  therefore  20°.  Now, 
if  local  attraction  at  C  canses  the  needle  to  point  in  the  direction 
of  8'  N',  10°  to  the  left  of  its  proper  direction.  B  C  will  bear  N. 
60°  E.,  and  C  D  N.  70°  E.,  and  tlie  difference  of  these  bearings — 
i.  e.,  the  angle  of  deflection — will  be  the  same  as  before. 

188.  Angles  between  Conisea  To  determine  the  angle  of  de- 
flection of  two  courses  meeting  at  any  point,  the  following  simple 
rules,  the  reasons  of  which  will  appear  from  the  accompanying 
Sgures,  are  sufficient : 
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Case  1.  When  the  first  letters  of  the  bearing  are  alike  (i.  e., 

both  N.  or  both  3.),  and  the  last  letters  also  alike  (i.  e.,  both  £.  or 

both   W.),   take    the   difference   of    the 

bearings.      Example:   If    A  B   bears  IT. 

30°  E.,  and  B  C  bears  N.  lO"   E.,   the 

angle  of  deflection  G  B  B'  is  20°. 

Case  2.    When   the  first    letters  are 

alike  and  the  last  letters  different,  take 

the  snm  of  the  bearings,     Ex. ;  If  A  B 

bears  N.  40"  E.  and  B  C  bears  N.  20° 

W.,  the  angle  C  B  B'  is  60°. 

Case  3.    When   the  first  letters   are  -''  ~"^ 

different  and  the  last  letters  alike,  sub- 
tract the  snm  of  the  hearings  from  180°. 
Ex.  :  If  A  B  bears  N.  30°  E.  and  B  0 
bears  S.  40°  E.,  the  angle  C  B  B'  is  110". 
Case  4.  When  both  the  first  and  last 
letters  are  different,  subtract  the  differ- 
ence  of  the  bearings  from  180°.  Ex. :  If 
A  B  bears  S.  30°  W.  and  B  0  bears  N. 
70°  E.,  the  angle  0  B  B'  is  140°. 

If  the  angles  included  between  the 
courses  are  desired,  they  will  be  at  once 
fonnd  by  reversing  one  bearing  and  then 

applying  the  above  rules ;  or  by  subtracting  the  results  obtained 

as  above  from  180°  ;  or  an  analogous  set  of  mles  could  be  formed 

for  them. 


Fio.  105. 
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189.  To  chan^  Bearing!.  It  is  coarenient  io  certain  calonla- 
tions  to  Bnppose  one  of  the  lines  of  a  snrve;  to  cbaoge  its  di- 
rection BO  as  to  become  dne  north  and  south ;  that  is,  to  be- 
come a  nev  meridian  line.  It  is,  then,  necessary  to  determine 
what  the  bearings  of  the  other  lines  will  be,  supposing  them  to 
change  with  it.  The  subject  mnj  be  made  plain  by  supposing 
the  Borrey  to  be  platted  in  the  usual  way,  with  the  north  up- 
permost, and  the  plat  to  be  then  turned  around  till  the  line  to 
be  changed  is  in  th&  d«ai»d  diicetitw.  The  effect  of  this  on 
the  other  lines  will  be  readily  seen.  A  general  rule  can  also  be 
formed  : 

Take  the  difference  between  the  original  bearing  of  the  side 
which  becomes  a  meridian,  and  each  of  those  bearings  which  have 
both  their  letters  the  same  as  it,  or  both  different  from  it.  The 
changed  bearings  of  these  lines  retain  the  same  letters  as  before,  if 
tlicy  were  originally  greater  than  the  original  bearing  of  the  new 
meridian  line  ;  but,  if  they  were  less,  they  are  thrown  on  the  other 
side  of  the  N.  and  S,  line,  and  their  last  letters  are  changed,  £. 
being  put  for  W.,  and  W.  for  E. 

Take  the  sum  of  the  original  bearing  of  the  new  meridian  line, 
and  each  of  those  bearings  which  have  one  letter  the  same  as  one 
letter  of  the  former  bearing  and  one  different.  If  this  sum  exceeds 
90°,  this  shows  that  the  line  is  thrown  on  the  other  side  of  the 
east  or  west  point,  and  the  difference  between  this  sum  and  180" 
will  be  the  new  bearing,  and  the  first  letter  will  be  changed,  N. 
being  put  for  S.  and  S.  for  N. 

Example :  Let  the  bearings  of  the  sides  of  a  field  be  as  follows  : 
N.  33°  E.  ;  N.  80'  E.  ;  S.  48"  E.  ;  S.  18"  W.  ;  N.  73^°  W.  ;  North. 
Suppose  the  first  side  to  become  dne  north  ;  the  changed  bearings 
will  then  be  as  follows  :  North  ;  N.  48°  E.  ;  S.  80°  E. ;  S.  14"  E.  ; 
8.  74^  W.  ;  N.  32°  W. 

To  apply  the  rule  to  the  "  North  "  course,  as  above,  it  must 
be  called  N.  0"  W.  ;  and  then,  by  the  rule,  38°  must  be  added 
to  it. 

The  true  bearings  can,  of  course,  be  obtained  from  the  changed 
bearings  by  reversing  the  ojieration,  taking  the  sum  instead  of  the 
difference,  and  vice  versa. 
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190.  Lioe-Surveyiiig.  This  name  may  be  given  to  surreja  of 
liaes,  such  as  the  wiodings  of  a  brook,  the  curves  of  a  road,  etc, 
by  way  of  distinctioa  from  F^mi- Surveying,  in  which  the  lines 
surveyed  inclose  a  apace. 

To  survey  a  brook,  or  any  similar  line,  set  the  compass  at  or 
near  one  end  of  it,  aud  take  the  bearing  of  an  imaginary  or  visaal 

Fio.  1B8. 


line  rnnning  in  the  general  average  direction  of  the  brook,  snch  as 
A  B  in  the  figure.  Measure  this  line,  taking  offsets  to  the  various 
bends  of  the  brook,  as  explained  in  Art,  97.  Then  set  the  com- 
pass at  B,  and  take  a  back-sight  to  A,  and,  if  they  agree,  take 
a  fore-sight  to  C,  and  proceed  as  before,  noting  particnlarly  the 
points  where  the  line  crosses  the  brook. 

To  snrvey  a  road,  take  the  bearings  and  lengths  of  the  lines 


^ 


which  can  be  most  conveniently  messnred  in  the  road,  and  meaanre 
offsets  on  each  side  to  the  outside  of  the  road. 

When  the  line  of  a  new  road  is  surveyed,  the  bearings  and 
lengths  of  the  various  portions  of  its  intended  center-line  should  be 
measured,  and  the  di^stance  which  it  mns  through  each  man's  land 
should  be  noted.  Stones  should  be  set  in  the  ground  at  recorded 
distances  from  each  angle  of  the  line,  or  in  each  line  prolonged 
a  known  distance,  so  as  not  to  be  disturbed  in  making  tho 
road. 

In  surveying  a  wide  river,  one  bank  may  be  surveyed  by  the 
method  just  given,  and  points  on  the  opposite  banks,  as  trees,  etc., 
.  may  be  fixed  by  tho  method  of  intersections  founded  on  the  fourth 
method  of  determining  the  position  of  a  point. 
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191.  Checks  by  Intenectia^  Bearing  At  each  station  at  whiofa 
the  compass  is  set  take  bearioga  to  some  remarkable  object,  such  as 
a  chnrch-stecple,  a  distant  house,  a  high  tree,  etc.  At  least  three 
bearings  sliould  bo  takeo  to  each  object  to  make  it  of  any  use, 
eioce  two  are  necessary  to  determine  it  (by  our  fourth  method), 
and,  till  thus  determined,  it  can  be  no  check.  WbcD  the  lino  is 
platted,  by  the  methods  to  be  explained  hereafter,  plat  also  the 
liues  given  by  these  bearings.  If  those  taken  to  the  same  object 
from  three  diSerent  stations  intersect  in  the  same  point,  this 
proves  that  there  haa  been  no  mistake  in  the  survey  or  platting  of 
those  stations. 

If  any  bearing  does  not  intersect  a  point  fixed  by  previous  bear- 
ings, it  shows  that  there  has  been  an  error,  either  between  the  laab 
station  and  one  of  those  which  fixed  the  point,  or  in  the  last  bear- 
ing to  the  point.  To  discover  which  it  was,  plat  the  following 
line  of  the  surrey,  and,  at  its  extremity,  set  off  the  bearing  from  it 
to  the  point,  and,  if  the  line  thus  platted  passes  through  the  point, 
it  proves  that  there  waa  no  error  in  the  line,  but  only  in  the  bearing 
to  the  point.  If  otherwise,  the  error  was  somewhere  in  the  line 
between  the  stations  from  which  the  bearings  to  that  point  were 
taken. 

193.  Eoepinf;  the  Field-Hotei.  The  simplest  and  easiest  method 
for  a  beginner  is  to  make  a  rough  sketch  of  the  survey  by  eye,  and 
write  down  on  the  lines  their  bearings  and  lengths. 

An  improvement  oh  this  is  to  actually  lay  down  the  precise 
bearings  and  lengths  of  the  lines  in  the  field-book  in  the  manner  to 
be  explained  in  the  section  on  Platting,  Art.  309. 

193.  A  second  method  is  to  draw  a  stnught  line  up  the  page  ol 
the  field-book,  and  to  write  on  it  the  bearings  and  lengths  of  the 
lines.  The  only  advant^e  of  this  method  is  that  the  line  will  not 
run  oft  the  side  of  the  page,  as  it  is  apt  to  do  in  the  preceding 
method. 

194.  A  third  method  is  to  represent  the  line  surveyed  by  a 
double  colnmn,  as  in  Art  84,  which  should  he  now  rcfent^l  (o. 
The  bearings  are  written  obliquely  up  the  columns.     At  the  end  of 
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OBch  oonrse  its  length  ia  wntten  in  the  colamn,  aod  a  line  drawn 
across  it  Dotted  lines  are  drawn  across  the  column  at  an;  inter- 
mediate measurement.  Offsets  are  noted  as  explained  in  Art  97. 
The  intersectioii  beariogs,  described  in  Art  191,  shonld  be  en- 
tered in  the  field-book  before  the  bearings  of  the  line,  in  order  to 
avoid  mistakes  of  platting  in  setting  oQ.  the  measared  distances  on 
the  wrong  line. 

195.  A  fourth  method  is  to  write  the  stations,  bearings,  and 
distances  in  three  columns.  This  is  compact,  and  has  the  advan- 
tas,e,  when  applied  to  ferm-surYeying,  of  presenting  a  form  suitable 
for  the  subsequent  calculations  of  content,  but  does  not  give  faciU* 
ties  for  noting  offsets- 
Examples  of  these  four  methods  are  given  in  Art.  199,  which 
contains  the  field-notes  of  the  lines  bounding  a  field. 

i06.  Her  York  Canal-Kapa.  The  following  is  a  description  of 
the  original  maps  of  the  survey  of  the  line  of  the  New  York  Erie 
Canal,  as  pablished  by  the  Canal  Commissioners.  The  figure 
represents  a  portion  of  such  a  map,  but,  necessarily,  with  all  ita 
lines  black,  red  and  blue  lines  being  used  on  the  real  map : 

"The  Red  Like  described  along  the  inner  edge  of  the  towing- 
path  is  the  base-line,  upon  which  all  the  measurements  in  the  di- 


rection of  the  length  of  the  canal  were  made.  The  bearings  refer 
to  the  magnetic  meridian  at  the  time  of  the  sorvey.  The  lengths 
at  the  several  portions  are  inserted  at  the  end  of  each  in  chains  and 
links.  The  offsets  at  each  station  are  represented  by  red  lines 
drawn  across  the  canal  in  such  a  direction  as  to  bisect  the  angles 
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formed  by  the  two  conti^ous  portionB  of  the  red  or  base  hne  upoii 
the  towlDg-path.  The  intermediate  offsets  are  set  off  at  right 
angles  to  the  base-line,  and  the  distances  on  both  are  given  from  it 
in  links.  The  intermediate  offsets  are  represented  by  red  dolled 
linen,  and  the  distances  to  them  upon  the  base-line  are  reckoned, 
in  each  case,  from  the  last  preceding  station.  The  same  is  likewise 
done  with  the  other  distances  upon  the  base-line ;  those  to  the 
bridges  being  taken  to  the  lines  joining  the  nearest  angles  or  comer 
posts  of  their  abutments ;  tbose  to  ih&.locka  extending  to  the  lines 
passing  throngh  the  centers  of  the  two  nearest  quoin-posts;  and 
tbose  to  the  aqueducts  to  the  faces  of  their  abutments.  The  space 
inclosed  by  the  Bldb  Lines  represents  the  portion  embraced  with- 
in the  limits  of  the  survey  as  belonging  to  the  State ;  and  the 
names  of  the  adjoining  proprietors  are  given  as  they  stood  at  the 
time  of  executing  the  survey.  The  distances  are  projected  upon  a 
»ea!e  of  two  chains  to  the  inch." 

197.  Farm-StUTeying.  A  farm  or  field  or  other  space  included 
within  known  lines  is  usually  surveyed  by  the  compass  thus  :  Begin 
by  walking  around  the  boundary-lines  and  setting  stakes  at  all  the 
comers,  which  the  flag-man  should  specially  note,  so  that  he  may 
readily  find  them  again.  Then  set  the  compass  at  any  comer,  and 
send  the  flag-man  to  the  next  comer.  Take  the  bearing  of  the 
bounding-line  running  from  comer  to  comer,  which  is  usually  a 
fence.  Measure  its  length,  taking  offsets  if  necessary.  Note 
where  any  other  fence,  or  road,  or  other  line  crosses  or  meets  it, 
and  take  their  bearings.  Take  the  compass  to  the  end  of  this  first 
bounding-line ;  sight  back,  and,  if  the  back-sight  agrees,  take  the 
bearing  and  distance  of  the  next  bounding-line ;  and  so  proceed  till 
yon  have  got  back  to  the  point  of  starting. 

198.  Where  speed  is  more  important  than  accuracy  in  »  snt^ 
vey,  whether  of  a  line  or  a  farm,  the  compass  need  be  set  wly  at 
every  other  station,  taking  a  forward  sight  from  the  first  station  to 
the  second  ;  then,  setting  the  compass  at  the  third  station,  taking 
a  back-sight  to  the  second  station  (but  with  the  north  point  of  the 
compass  always  ahead),  and  a  fore-sight  to  the  fourth  ;  then  going 
to  the  fifth,  and  so  on.     This  is,  however,  not  to  be  recommended. 
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IM-fiflia-HotM. 
The  field-notes  of  a 
f arm-8urvey  may  be 
kept  by  any  of  the 
metbodBwhichhttve 
been  described  with 
reference  to  a  line- 
Biirvey.  Below  are 
given  the  field-notes 
of  the  same  field  re- 
corded by  each  of 
the  methods. 


Seetmd  Method. 


©(6> 


Third  Method.* 
8-28 


™t,o™. 

«^«. 

r»T«.c-. 

N.  8B»    E. 
N.  88i'  E. 
8.  Br    E. 
8.  BH"  W. 
N.  66i»  W. 

2-TO 
1-29 
2-22 
8-66 
8-28 

•In  the  "third  melhod"the  benrmpi  should  be  written  obliquely  upward,  M 
directed  in  Art.  ItM,  but  are  not  ao  printed  here  from  typographical  difficulties. 
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200.  The  field-notes  of  a  field  in  which  oSsets  occur  may  be 
most  easily  recorded  by  the  third  method,  as  in  Fig.  162. 

When  the  field-notes  are  recorded  by  the  fourth  method,  the 
offsets  may  be  kept  in  a  separate  table,  in  vhich  the  first  column 
will  contain  the  stations  from  which  the  m^iisurementB  are  made, 
the  second  column  the  distanceB  at  which  they  occur,  the  third 
column  the  lengths  of  the  offsets,  and  the  fourth  column  the  side 
of  the  line,  "right"  or  "left,"  on  which  they  lie. 

For  calculation,  four  more  columns  may  be  added  to  the  table, 
containing  the  intervals  between  the  offsets,  the  sums  of  the  ad- 
joining pairs,  and  the  products  of  the  numbers  in  the  two  preced- 
ing columns,  separated  into  right  and  left,  one  being  additiye  to 
the  field,  and  the  other  subtractive. 

201.  Teiti  of  Aoouraoy  1.  The  check  of  intersections  d&- 
cribed  in  Art.  191   may  be  employed  to  great  advantage  when 

some  conspicnouB  object  near  the  center  of  the  farm  can  be  seen 
from  moat  of  its  comers. 

i.  When  the  survey  is  platted,  if  the  hut  course  meets  the 
starting'point,  it  proves  the  work,  and  the  survey  is  then  said  to 
"close." 

3.  Diagonal  lines  running  from  comer  to  comer  of  the  farm, 
like  the  "proof-lines"  in  chain-surveying,  may  be  measured  and 
their  bearings  taken.  When  these  are  laid  down  on  the  plat,  theit 
meeting  the  points  to  which  they  had  been  measured  proves  the 
work. 

4.  The  only  certain  and  precise  test  is,  however,  that  by  "lati- 
tudes and  departures." 

202.  Method  of  Bsdiatlon.  A  field  may  be  surveyed  from  om 
stafion,  either  within  it  or  without  it,  by  taking  the  bearings  and 
the  distances  from  that  point  to  each  of  the  cornera  of  the  field. 
These  comers  are  then  "  determined  "  by  the  third  method,  Art. 
6.  This  modification  of  that  method  is  called  the  Method  of 
Radiation.  All  our  preceding  surveys  with  the  compass  have  been 
by  the  Method  of  Progression. 

The  compass  may  be  set  at  one  comer  of  the  field,  or  at  a  point 
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in   one   of  its   sides,   and   the   same    method    of    radiation    em- 
ployed. 

This  method  is  soldom  used,  however,  since,  unlike  the  method 
of  progression,  its  operations  are  not  checks  upon  each  other. 

203.  Hethod  of  InteneotioiL  A  field  may  also  be  snrreyed  by 
measuriDg  a  base-line,  either  within  it  or  without  it,  setting  the 
compass  at  each  end  of  the  base-line,  and  taking  from  each  end  the 
bearings  of  each  comer  of  the  field,  which  will  then  be  fixed  and 
determined  by  the  fourth  method,  Art.  6.  This  mode  of  survey- 
ing ia  the  Method  of  Intersections,  noticed  in  Art-.  166. 

204.  Annning  ont  Old  linei.  The  original  surveys  of  lands  in 
the  older  Stat^  of  the  American  Union  were  exceedingly  deficient 
in  precision.  This  arose  from  two  principal  causes :  the  small 
value  of  land  at  the. period  of  these  surveys,  and  the  want  of  skill 
in  the  surveyors.  The  effect  at  the  present  day  is  frequent  disEat- 
isfaction  and  litigation.  Lots  sometimes  contain  more  acres  than 
they  were  sold  for,  and  sometimes  less.  Lines  which  are  straight 
in  the  deed  and  on  the  map  are  found  to  be  crooked  on  the  ground. 
The  recorded  surveys  of  two  adjoining  farms  often  make  one  over- 
lap the  other,  or  leave  a  gore  between  them.  The  most  difficult 
and  delicate  dnty  of  the  land-surveyor  is  to  mn  ont  these  old 
boundary-lines.  In  such  cases,  his  first  business  is  to  find  motiu- 
ments,  stones,  marked  trees,  stumps,  or  any  other  old  "comers" 
or  landmarks.  These  are  his  starting-points.  The  owners  whose 
lands  join  at  these  comers  should  agree  on  them.  Old  fences  must 
generally  be  acceptad  by  right  of  possession,  though  such  questions 
belong  rather  to  the  lawyer  than  to  the  surveyor.*  His  business  is 
to  mark  out  on  the  ground  the  lines  given  in  the  deed.  When  the 
bounds  are  given  by  compasa-bearings,  the  surveyor  must  he  re- 
minded that  these  bearings  are  very  far  from  being  the  same  now 
as  originally,  having  been  changing  every  year.     The  method  » 

'"In  the  description  of  land  conveyed,  the  rule  ta  that  Iraown  and  flied  momi 
mcnts  control  conrneB  end  distances.  So  the  certaintj  of  metes  and  bounds  will  li^ 
dude  and  piu  all  the  lands  within  them,  thnu!;h  they  vary  from  the  given  qnanUtf 
eiprc!<Bod  in  the  deed.  In  Now  York,  to  remove,  deface,  or  alter  1 
ntalidoualy  ti  an  indictable  offeoae." — Ktnt'i  Commuitaria,  TV,  SIS. 
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detenniaing  thia  important  change,  and  of  making  the  proper 
allowaQCe,  will  be  found  under  "Declination  of  tlie  Miignetio 
Needle." 

PIiA,TTINa  THE  8UBVEY. 

SOS.  The  platting  of  a  surrey  made  with  the  compass  coneiste 
in  drawing  on  paper  the  lines  and  the  angles  which  have  been 
measured  on  the  ground.  The  angles  are  laid  off  and  the  lines  are 
drawn  "to  scale,"  as  has  been  explained  in  Chapter  I. 

806.  Platting  Bearing!.  Since  "bearings"  taken  with  the 
compass  are  the  angles  which  the  Torioas  lines  make  with  the 
magnetic  meridian,  or  the  direction  of  the  compass-needle,  which, 
as  we  have  seen,  remains  always  (approximately)  parallel  to  iteelf, 
it  is  necessary  to  draw  these  meridians  through  each  station  before 
laying  off  the  angles  of  the  bearings. 


The  T-sqnare  ia  tiie  most  convenient  instrnmcnt  for  thia  purpose.  The 
paper  on  which  the  plat  is  to  be  made  is  fastened  od  the  board  so  that 
the  intended  direction  of  the  north  and  south  line  ma;  be  parallel  to  ose 
of  the  «idee  of  the  board.  The  inner  side  of  the  stock  of  the  T-squiire  being 
pressed  af^aiiist  one  of  the  other  aides  of  the  lioard  and  slid  along,  the  edge 
of  the  long  blade  of  Ujc  ftqnare  will  always  be  parallel  to  itself  and  to  the 
first-named  side  of  the  board,  and  will  thua  represent  the  meriditm  passing 
through  an;  station. 

If  a  atrtught-edged  drawing-board  or  table  can  not  bo  procured,  noil 
L  00  A  table  of  on;  shape 


ne.i«s. 


straight-edged  rnler,  and  slide  iJong 
against  it  the  ontdde  of  the  stock 
of  a  T-square,  one  aide  of  the  stock 
being  flash  with  the  blade. 

A  paittllel  niler  ma;  also  be 
used,  one  part  of  it  beins  screwed 
down  to  the  board   in  the  proper 

If  none  of  these  means  are  at 
hand,  upproiimntely  parallel  merid- 
ians may  be  drawn  by  the  edges  of 
a  common  rnler  at  dislanoes  apart 
equal  to  ita  width,  and  the  diameter 
of  the  protractor  made  parallel  to 
tliem  by  nioaBoring  equal  d 
between  it  and  them. 
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207,  To  plat  a  survey  with  these  instruments,  mark  with  a  fins 
|>oint  inclosed  in  a  circle  a  convenient  spot  in  the  paper  to  repre- 
sent the  first  sta- 
tion, 1  in  tbtt  figure. 
Its  place  must  be  so 
chosen  that  the  plat 
may  not  "run  off" 
the  paper.  With 
the  T-square  draw  a 
meridian  through 
it  The  t«p  of  the 
paper  is  nanally, 
though  not  necessa- 
rily, called  north. 
With  the  protractor 
lay  off  the  angle  ol 
the  first  bearing. 
Setoff  the  length  of 
the  first  line  to  the 
desired  scale  from 
1  to  2.     The  line  1 8  represents  the  first  course. 

Through  2  draw  another  meridian,  lay  off  the  angle  of  the  see 
ond  course,  and  set  off  the  length  of  this  course  from  2  to  3. 

Proceed  in  like  mauDer  for  each  course.  When  the  last  courat 
is  platted,  it  should  end  precisely  at  the  starting-point,  as  the  snr> 
Tey  did,  if  it  were  a  closed  survey,  as  of  a  field.  If  the  plat  does 
not  "close"  or  "come  together,"  it  shows  some  error  or  inaccu- 
racy either  in  the  original  survey,  if  that  have  not  been  "tested" 
by  latitudes  and  departures,  or  in  the  work  of  platting.  The  plat 
here  given  is  the  same  as  that  of  Fig.  161. 

Thte  manner  of  laying  down  the  direcHonB  of  lines  by  ttio  anglea  which  . 
the?  make  with  a  meridian  line  linx  a  (treat  advantage,  in  botii  accuracy  and 
rapidity,  over  the  method  of  platting  tinea  by  the  angles  which  each  makea 
with  tbe  line  which  cornea  before  it.  In  the  latter  method,  any  error  in  the 
direction  of  one  line  malieB  idl  that  follow  It  also  wrong  in  their  directiona. 
In  the  former,  the  direction  of  esrli  lire  isi  indepenfJent  of  the  preceding  Mn^ 
thongh  ita  pontion  wonld  be  rlinnirpil  by  a  crerionR  error. 

Instead  of  drawing  a  meridian  throngh  each  station,  sometiniea  only  ona 


byGoogIc 


130 


LAND-  SUR  VEYINO. 


IB  drawn,  near  the  middle  of  tlie  sbeet,  and  all  the  bearings  of  the  sarre;  are 
laid  off  from  Bome  one  point  of  it,  hb  »bown  in  tbe  figure,  and  numbered  to 
correBpond  with  the  ststioos  from  which  these  bearingB  were  taken.  The 
circular  protractor  is  convenient  for  tbie.  Tbey  are  then  transferred  Ui  the 
places  where  tbej'  are  wanted  bj  a  triangle  or  other  parallel  raler.  Fig. 
166  represent?  the  same  field  platted  bj  this  method. 

A  semicircular  protractor  is  Bometlmea  attached  to  the  atock  end  of  tlie 
T-aquare  so  that  its  blade  may  be  set  at  an;  detiired  angle  with  the  meridian, 
aod  any  bearing  be  thna  protracted  witboat  drawing  a  meridian.    It  ha>< 


Fia.  166. 


The  compass  iteelf  may  be  used  to  plat  bearings.  For  this  pnr- 
pose  it  must  be  at- 
tached to  a  square 
board  BO  that  the  N 
and  8  line  of  the 
oompasa-box  mar  be 
parallel  to  two  oppo- 
site  edges  of  the 
board.  This  is  placed 
on  the  paper,  and 
the  box  is  tamed  till 
the  needle  points  as 
it  did  wfaen  the  6r8t 
bearing  was  taken. 
Then  a  line  drawn 
by  one  edge  of  tbe 
board  will    be  in   a 

proper  direction.    Mark  off  its  length,  and  plat  the  neit  and  the 

sacbeeding  bearings  in  the  same  manner. 

208.  When  the  plat  of  a  survey  does  not  "close, "it  may  be 
corrected  as  follows  :  Let  A  B  0  D  E  be  the  boundary-lines  platted 
according  to  the  given  bearings  and  distances,  and  suppose  that  the 
last  course  oomea  to  E  instead  of  ending  at  A,  as  it  should.  Sup- 
pose also  that  there  is  no  reason  to  suspect  any  single  great  error, 
and  that  no  one  of  the  lines  was  measured  over  very  rough  ground, 
or  was  specially  uncertain  in  its  direction  when  observed.  The 
inaccuracy  must  then  be  distributed  among  all  the  lines  in  propor- 
tion to  their  lenfith.     Each  point  in  the  fignre,  B,  C,  D,  E,  must 
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be  moved  in  a  direction  parallel  to  S  A  by  a  certain  diBtanoe  whieh 

is  obtained  thna  ;  Utiltiply 

the  distance  B  A  by   the  ^-  '*^; 

distance  A  B,  and  divide  ^^— ^ 

by    the    Bam    of   ull    the 

coaraes.   The  quotient  will 

be  the  distance  B  B'.     To 

get  0  0',  mnltipIyEAby 

A  B  +  B  0,  and  divide  the 

product  by  the  same  sum 

of  all  the  courses.     To  get' 

D  D',    multiply    E  A    by 

AB-|-  BC  +  CD,  and  divide  aa  before.     So  for  any  course, 

mnltiply  by  the  sum  of  the  lengths  of  that  course  and  of  all 

those  preceding  it,  and  divide  as  before.     Join  the  points  thus 

obtained,  and  the  closed  polygon  A  B'  0'  D'  A  will  thus  be  formed, 

and  will  be  the  most  probable  plat  of  the  given  survey.* 

The  method  of  latitudes  and  departures,  to  be  explained  here- 
after, is,  however,  the  best  for  effecting  this  object 


908.  71^  putting.    It  18  MmedmM  desirable  to  plat  tbi 
Borvey  id  the  field  as 


»of  a 


they 
taken,  db  was  meDtioDed  in  Art 
193  under  the  head  of  "  Keeping  the 
Field-Not«s."  One  metiiod  of  do- 
ing tbis  is  to  have  the  paper  of  the 
field-book  ruled  with  parallel  lines 
at  tmtqttal  distances  apart,  and  to 
nse  a  rectangular  protractor  (which 
may  he  made  of  Bristol-board  or 
other  stout  drawing-paper)  with 
lines  ruled  across  it  at  equal  dis- 
tances of  some  fraction  of  an  inch,  A  bearing  having  been  taken  and  nuted, 
the  protractor  is  laid  on  the  paper  and  its  canter  placed  at  the  station  where 
the  bearing  is  to  be  laid  off.  It  is  then  turned  till  one  of  its  cross-line*  co- 
inddes  with  some  one  of  tbe  lines  on  the  paper,  which  represent  east  and 
west  lines.  The  long  side  of  the  protractor  will  then  be  on  a  meridian,  and 
the  proper  angle  (40°  in  tlie  figure)  can  be  at  once  marked  off.  The  length 
of  the  coarse  can  also  be  set  off  by  the  eqaal  spaces  between  the  croBs-line^ 
letting  each  apace  represent  any  convenient  number  of  links. 


*  This  WW  demonatrated  b;  Dr.  Bowdltdi  Id  No.  1  of  "  The  Analyst" 
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reotangnlBT  protraotor  wttbont  any  croes-UnM,  or  a 
Bemicirauliir  one,  can  hIho  lie  used 
for  the  uame  purpoee.  The  parallal 
tinea  on  the  paptr  (whicli,  iu  tliia 
method,  lanj  be  eqi.idiHtant,  as  ia 
common  roled  writing-paper)  will 
now  repreacnt  meridituiB.  Place 
the  ceDter  of  the  protractor  on  the 
meridian  ueareat  to  tlie  station  at 
whiob  the  angle  is  to  be  laid  o&,  nod 
turn  it  till  the  given  number  of 
degrees  is  eut  by  the  meridian. 
Slide  the  protractor  up  or  down  the 
meridian  (which  must  ooutinue  to 
psaa  through  the  center  and  tlie 
proper  degree)  till  it*  edge  piiBscs 
thia  edge  a  line,  which  will  have 


e  Bometimea  the  right-hand  pages  of 


through  the  atatioQ,  aud  then  draw 
the  bearing  required. 

Sll,  Paper  ruled  into  egvaret  (aa 
Burreyors' field-books]  may  be  nsed 
for  platting  bearinga  in  the  field. 
The  lines  mnning  tip  the  page 
maj  be  called  north  and  aonth 
lioea.  and  tfaoae  running  acroM 
the  page  will  then  be  east  and 
wcet  linea.  Anj  onarse  of  the 
aurvejr  will  be  the  hjpotennse  of 
a  right-angled  triangle,  and  the 
ratio  of  its  other  two  aidea  will 
determine  the  angle.  Thus,  if  the 
ratio  of  the  two  aides  of  the  right- 
angled  triangle,  of  which  the  line 
A  B  in  the  ligare  is  the  hypote- 
nuse, is  1,  that  line  makes  an  angle 
of  46°  with  the  meridian.  If  the 
ratio  of  the  long  to  the  short  side 
of  the  right-angled    triangle,  of 

which  the  Ime  A  C  is  the  hypotenoae,  is  4  to  1,  the  line  A  0  makea  an  angle 
of  14°  with  the  meridian.  The  line  A  D.  the  hypotenuse  of  an  equal  trian- 
^e^  which  has  its  long  side  lying  east  and  west,  raakei.  likewise  an  angle  of 
14°  with  that  side,  and  therefore  mokes  an  angle  of  76°  with  the  meridian. 

212.  Wifll  ft  Paper  Protractor.  Engraved  paper  protractors  may  be 
obtained  from  the  lnBtmment-maker8,'und  are  very  conrenient.  A  circle  of 
large  size,  dirided  into  degrees  and  qnarters.  is  tngraTed  on  copper,  and  im- 
preeiJODB  from  it  ore  taken  on  drawing-paper.    The  ditisiona  are  not  num- 
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PLATTING   THE  SURVBT.  138 

bered.    Dnw  s  Btraight  line  to  represent  a  iDeridian  throogh  the  center  ol 

the  circle  in  iinf  convenient  direction.     Number  the  degrees  from  0°  to  90° 

each  waj  from  the  ends  of  this 

meridian,  ae  on  the  oompa«s-plate. 

The  protractor  is  now  read;  for 

nse.    Choose  a  convenient  point 

for  the  first  statioo.     Suppose  the 

first  hearing  to  be  N.  30°  E.    The 

line  pHSsing  tlirougli  the  center  of 

the  circle  and  througli  the  oppo- 

nte  points  N.  30°  E.  and  S.  80° 

W.  has  the  bearing  ri'qnired.     But 

It  does  not  pass  through  the  eta- 

tioD  1.     Transfer  it  thither  hj 

drawing  through  statjon  1  a  line  S 

parallel  ta  it,  which  will  be  the 

course  required,  its  proper  length  being  set  off  on  it  from  1  to  3.    Now, 

Bnppoec  the  beariug  firom  2  to  be  S.  60°  E.    Draw  through  2  a  line  paralld 

to  Che  line  passing  through  the  center  of  tbe  circle  and  through  the  opporite 

points  S.  60°  E.  and  N.  80°  W.,  and  it  will  be  the  line  desired.    On  it  Ml  off 

the  proper  length  from  2  to  8,  and  so  proceed. 

When  the  pint  is  coropleted,  the  engraved  sheet  is  laid  on  a  clean  one  and 
tbe  stations  "pricked  through,"  and  the  points  thus  obtained  on  the  clean 
aheet  are  conaected  bj  straight  lines.  The  penciled  plat  is  then  rubbed  ofi 
from  iht  engraved  sheet,  which  oan  be  u«ed  for  a  great  uuraber  of  plats. 

If  the  central  circle  he  cut  out,  the  plat,  if  not  too  large,  can  be  made 
directly  on  the  paper  where  it  is  to  remain. 

Tbe  surveyor  can  make  such  a  paper  protractor  for  himself  with  great 
ease  hj  means  of  the  Table  af  Chordi  at  the  end  of  this  volume,  the  use  of 
which  is  explained  in  Art.  S15.  The  engraved  ones  ma;  have  shmnk  after 
b^Dg  printed. 

Such  a  circle  is  sometimes  drawn  on  tbe  map  itself.  This  will  be  particn* 
larly  convenient  if  the  bearings  of  any  lines  on  the  map  not  taken  on  the 
ground  are  likely  to  be  required.  It  the  map  be  very  long,  more  than  one 
may  be  needed. 

S13.  Dnwing-Boaid  Protraotor.  Such  a  divided  circle  as  has  just 
been  described,  or  a  circular  protractor,  mny  be  placed  on  a  drawing-board 
near  its  center,  and  bo  that  its  0°  and  00°  lines  are  parallel  to  the  sides  of  the 
drawing-board.  Lines  are  then  to  be  drawn  throngh  the  center  and  oppo- 
site divisions  by  a  ruler  long  enough  to  reach  the  edges  of  the  drawing-hoard 
on  which  they  are  to  be  out  in  and  numbered.  The  drawing-board  thaa  be- 
eomea,  in  fact,  a  double  rectangular  protractor.  A  strip  of  white  paper  may 
have  previonsly  been  pasted  on  the  edges,  or  a  narrow  strip  of  white  kooA 
inlaid.  When  this  is  to  be  used  for  platting,  a  sheet  of  paper  is  put  on  the 
hoard  as  usual,  and  lines  are  drawn  by  a  ruler  laid  across  the  0°  points  and 
the  90°  points,  and  the  center  of  tbe  circle  is  at  once  found,  and  ahonld  b* 
marked  0.     The  bearings  are  then  platted  a»  is  tbe  last  method. 
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214.  With  a  Scale  of  Chnda     Od  the  plane  scale  contained  in  coaee  ot 

matfaemadcol  drawing  iDstrum^its  wiU  be  fuund  a  Beriea  of  divisioos  nDin- 

bered  from  0  to  BO,  and  marked  C  H  or  C.     Tbis  iu  a 

Fia.  111.  scale  of  chorda,  aad  givea  tbe  leogths  of  the  cbordB  of 

an;  arc  for  a  radius  eqatd  in  lengtb  to  tbe  chord  of  do" 

on  the  scale.    To  ta;  ofi  an  angle  witb  this  scale,  as, 

for  example,  to  draw  a  line  making  at  A  an  angle  of 

40°  with  A  B,  take,  in  the  dividero,  tbe  distances  from 

0  to  60  on  the  soala  of  chords;  with  this  for  radius  and 

A  for  canter,  describe  an  indefinite  arc  CD.    Take  tbe 

distance  from  0  to  40  on  tbe  same  acale,  and  set  it  off 

OD  tbe  arc  as  a  chord  from  0  to  some  point  D.    Join 

AD  and  prolong  It.    B  A  E  is  the  acgle  reqiiin-d. 

The  sector.  Fig.  29,  supplies  a  modification  of  this 

method  eometimea  more  convenient.     On  each  of  its  legs  is  a  scale  marked 

0  or  O  H.    Open  it  at  pleaanre ;  ext«nd  the  oomposs  from  60  to  80,  one  on 

each  leg,  and  with  this  radius  describe  an  arc.    Then  extend  the  compasses 

from  40  to  40,  and  tbe  distance  will  be  the  chord  of  40°  to  that  radius. 

It  can  be  set  off  as  above. 

The  sniaUness  ot  the  scale  renders  the  method  witb  a  scale  gf  chords 
practically  deficient  in  ezactneaa,  bnt  it  serves  to  illustrate  the  next  and  ittt 
method. 

S16.  With  a  Table  of  Chordi.  At  the  end  of  this  votame  wUl  be  fonnd 
a  table  of  the  lengths  of  the  chords  of  arcs  for  every  degree  and  minnte  of 
the  quadrant  calculated  for  a  radios  eqoal  to  1. 

To  use  it,  take  In  the  compasses  one  inch,  one  foot,  or  any  other  conven- 
ient distance  (the  longer  the  better),  divided  into  tenths  and  haudredthH  b;  a 
diagonal  scale  or  otherwise.  With  this  as  radius  describe  an  are  as  in  the 
last  case.  Find  in  the  table  of  chords  the  len^jtb  of  &e  chord  of  the  desired 
angle.  Take  it  from  the  scale  just  used  to  the  m^arest  decimal  part  which 
the  scale  will  give.  Bet  it  oS  as  a  chord,  as  in  the  Inst  figure,  and  join  tbe 
point  tlias  obtained  to  the  startiDg-poiDt     This  gives  the  anf^le  desired. 

Tbe  saperioritj  of  this  method  to  that  which  employs  a  protractor  is  dne 
to  the  greater  prei»s1on  witb  which  a  straight  line  can  be  divided  than  can  a 

A  slight  modification  of  this  method  is  to  take  in  the  compasses  ten  equal 
parts  of  any  convenient  length,  inches,  half  inches,  quarter  inches,  or  any 
other  at  band,  and  with  this  radius  describe  an  arc  as  befure,  and  set  off  a 
chord  ten  times  aa  great  as  tlie  one  found  in  the  table— i.e.,  imagine  the 
decimal-point  moved  one  place  to  the  right 

If  the  radius  be  100  or  1,000  equal  parts,  imagine  the  decimal-point  moved 
two  or  three  places  to  the  right. 

Whatever  radius  may  be  taken  or  given,  the  product  of  that  radius  into  a 
chord  of  the  table  will  give  the  chord  for  that  radius. 

This  gives  an  easy  and  exact  method  of  getting  a  right  angle  by  describ' 
ing  an  arc  with  a  radius  of  1,  and  setting  off  a  chord  equal  to  1-4142, 
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If  the  angle  to  be  oonstmcted  is  more  than  90°,  con^-tmct  on  the  other 
tide  of  the  given  poioC  upon  the  given  line  prolonged  an  angle  equal  to  what 
the  given  angle  wonte  of  180° — i.  e.,  ile  lupplammt,  in  the  language  of 
trigonometry. 

This  same  table  gives  the  meauB  of  ineaaoring  any  angle.  With  the  an- 
gular point  for  a  center,  and  1  or  10  for  a  radiuti,  describe  an  arc.  Meusare  ■ 
the  length  of  the  chord  of  the  arc  between  the  legs  of  the  angle,  find  this 
length  in  the  table,  and  the  angle  corresponding  to  it  is  the  one  deeired. 

This  table  will  also  serve  to  find  the  natural  riiu  or  eonrie  of  an;  angle. 
Multjplj  the  given  angle  by  two ;  6Dd  in  the  table  the  chord  of  thia  doable 
angle ;  and  half  of  this  chord  will  be  the  natural  »iue  required.  For  the 
chord  of  cny  angle  is  equal  to  twice  tlie  une  of  half  the  angle.  To  find  the 
eotiue,  proceed  as  above,  with  the  angle  which,  added  to  tho  given  angle, 
would  tnoke  90°. 

Another  use  of  this  table  is  to  inscribe  regular  polygons  in  a  circle  by  tet- 
ting  oQ  the  chords  of  the  nros  which  their  sides  subtend. 

Stilt  another  use  is  to  divide  on  are  or  angle  into  any  number  of  equal 
parts  by  setting  oS  the  fractional  arc  or  angle. 


816.  With  &  TaUe  of  Vataral  BlUM.  In  the  absence  of  a  table  of 
chords,  heretofore  rare,  a  table  of  natural  sines,  which  can  be  found  any- 
where, may  be  used  us  a  less  convenient  substitute.  Since  the  chord  of  aoy 
angle  equals  twice  the  sine  of  half  the  angle,  divide  the  given  angle  by  two: 
find  in  the  table  the  natural  sine  of  this  half  angle;  double  it,  and  the  prod- 
uct is  the  chord  of  the  whole  angle.  This  can  then  be  used  predsely  as 
was  the  chord  in  the  preceding  article. 

An  ingenious  modification  of  this  method  has  been  much  used.  Deaoribe 
an  arc  from  the  given  point  as  center,  as  in  the  last  two  articles,  but  with  a 
radius  of  five  equal  parts.  Take  from  a  table  the  length  of  the  natural  sine 
of  half  the  given  angle  to  a  radius  of  ten.  Set  off  this  length  as  a  chord  on 
the  arc  just  desoribed,  and  join  the  point  thus  obtained  to  the  given  point. 

The  reason  of  this  is  apparent  from  the  figure.    D  E  is  the  sine  of  baJf 
the  angle  B  A  0  to  a  radius  of  ten  equal  parts,  and  B  0  is  the  obord  directed 
to  be  set  off  to  a  radius  of  five  equal  parts.    BO  is 
eqnal  to  DE,  forBO  =  B-BF  by  trigonometry,  and  Fio.  171 

D  E  =  2-  B  F  by  similar  triangles;  hence  B  0  =  D  E.  \ 


817.  By  Latitude!  and  Deparivm.  When 
the  latitndea  and  departures  of  a  surrey  have 
been  obtamed  and  corrected,  either  to  test  its 
accnracy  or  to  obtain  its  content,  they  afford 
the  easiest  and  best  means  of  platting  it.  The 
description  of  this  method  will  be  given  in  Art 
246. 
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COPmrO  FLATS. 

218.  The  plat  of  a  san'ey  necessarily  has  maoy  lines  of  con- 
Btruotion  drawn  npoD  it  which  are  not  needed  in  the  finished  map. 
These  lines  and  the  markG  of  instrumenU  so  dishgure  the  paper 
that  a  fair  copy  of  the  plat  is  usnally  made  before  the  map  is 
finished.  The  YsriouB  methods  of  copying  plats,  eUs.,  whether 
on  the  same  scale,  or  reduced,  or  enlarged,  will  therefore  now  be 
described. 

219.  Stretehing  the  Paper.  If  the  map  is  to  be  colored,  the 
paper  must  first  be  wetted  and  stretched,  or  the  application  of  the 
wet  colors  will  cause  its  surface  to  swell  or  blister  and  become  nn- 
even.  Therefore,  with  a  soft  sponge  and  clean  water,  wet  the  back 
of  the  paper,  working  from  the  center  outward  iu  all  directions. 
The  "  water-mark  "  reads  correctly  only  when  looked  at  from  the 
front  side,  which  it  thus  distinguishes.  When  the  paper  is  thor- 
oughly wet  and  thus  greatly  ezpanded,  glue  its  edges  to  the  draw- 
ing-board for  half  an  Inch  in  width,  turning  them  up  against  a 
ruler,  passing  the  glue  along  them,  and  then  turning  them  down 
and  pressing  them  with  the  ruler.  Some  prefer  gluing  down  oppo- 
site edges  in  succession,  and  others  adjoining  edges.  The  paper 
mnat  be  moderately  stretched  smooth  during  the  process.  Hot 
glue  is  best.  Paste  or  gum  may  be  used,  if  the  paper  be  kept  wet 
by  a  damp  cloth,  so  that  the  edges  may  dry  first,  "  Mouth-glue  " 
may  be  used  by  rubbing  it  (moistened  in  the  month  or  in  boiling 
water)  along  the  tnmed-up  edges,  and  then  rubbing  them  dry  by 
an  JTory  folder,  a  piece  of  dry  paper  being  interposed.  As  this  is  a 
slower  process,  the  middle  of  each  side  should  first  bo  fastened 
down,  then  the  four  angles,  and  lastly  the  intermediate  portions. 
When  the  paper  becomes  dry,  the  creases  and  piickerings  will  have 
disappeared,  and.it  will  be  as  smooth  and  tight  as  a  drum-head. 

230.  Copying  by  Tnudnjf.  Fix  a  large  pane  of  clear  glass  in  a 
frame  so  that  it  can  bo  sujjported  at  any  angle  before  a  window,  or, 
at  night,  in  front  of  a  lamp.  Place  the  plat  to  bo  copied  on  this 
glass,  and  the  clean  paper  upon  it.  Connect  them  by  pins,  etc. 
Trace  all  the  desired  lines  of  the  original  with  a  sharp  pencil  aa 
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iigiitiy  aa  they  can  be  easily  seen.  Take  care  that  the  paper  doea 
not  slip.  If  the  plat  is  larger  than  the  glass,  copy  its  parts  aucceft- 
8i?ely,  being  very  careful  to  fix  each  part  in  its  true  relative  posi- 
tion. Ink  the  lines  with  India  ink,  making  them  very  fiae  and 
pale  if  the  map  is  to  be  afterward  colored. 

221.  Copying  on  Tracing-Paper.  A  thin  transparent  paper  is 
prepared  expressly  for  the  purpose  of  making  copies  of  maps  and 
drawings,  bat  it  is  too  delicate  for  much  handling.  It  may  be  pre- 
pared by  soaking  tissae-paper  in  a  mixtore  of  turpentine  and  Can- 
ada balsam  or  balsam  of  fir  (two  parts  of  the  former  to  one  of  the: 
latter),  and  drying  very  slowly.  Gold-drawn  linseed-oil  will  answer 
tolerably,  the  sheets  being  hung  up  for  some  weeks  to  dry.  Linea 
is  also  similarly  prepared,  and  sold  under  the  name  of  "vellnm 
tracing-paper."  It  is  less  transparent  than  the  tracing-paper,  but 
is  very  strong  and  durable.  Both  of  these  are  used  rather  for  pre- 
serving duplicates  than  for  finished  maps. 

222  Copying  by  FliotogTapliy.  This  may  be  used  for  copying 
drawings,  and  is  especially  applicable  when  the  drawings  are  to  be 
very  much  reduced  in  size. 

233.  Copying  by  Knt  Printi.  Dissolve  one  ounce  of  ferricya- 
nide  of  potassium  in  ten  ounces  of  pure  water.  Also  dissolve  two 
ounces  of  ammonia  citrate  of  iron  in  ten  ounces  of  water.  Mix  the 
two  solutions  in  a  cnp,  and  with  a  brash  cover  the  surface  of  the 
paper  on  which  the  print  is  to  be  made  with  the  mixtare. 

The  surface  should  be  thoroughly  covered,  but  no  more  of  the 
mixture  should  be  applied  than  the  paper  will  take  up.  The  paper 
should  become  limp  and  moist  but  not  wet.  The  work  should  be 
done  in  a  room  lighted  with  a  lamp,  and  when  the  paper  is  dry  it 
should  be  kept  in  a  dark  place. 

To  make  a  blue-print  copy,  a  tracing  of  the  drawing  should, 
first  be  made.  Put  the  tracing  over  a  sheet  of  the  prepared  paper- 
and  a  sheet  of  glass  over  the  tracing,  in  order  to  keep  the  tracing': 
in  contact  with  the  prepared  paper.  Expose  the  paper  to  the  snn- 
'ight,  with  the  glass  toward  the  sun.  until  the  lines  of  the  drawing: 
are  plainly  seen  on  the  prepared  paper.     Wash  the  paper  until  tha 
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vster  ranDing  off  is  no  longer  colored  yellow.  When  dried,  the 
lines  of  the  drawing  will  be  white  upon  a  blue  ground.  The  pre- 
pared paper  for  bine  prints  can  be  bought  of  dealers  in  engineers' 
supplies. 

There  are  several  similar  methods  of  making  prints,  differing  in 
the  chemicals  used,  and  in  the  color  of  the  lines  and  background. 

234.  Copying  by  Tniufer-Paper.  This  in  tbin  pftp«r,  one  side  of  wliiob 
is  rubbed  with  blacb-tead,  etc.,  smootliljr  spread  by  cutcon.  It  is  laid  on  the 
cleaD  paper,  the  blackeoed  side  dowawftrd,  and  tbe  plat  is  placed  upon  it. 
All  tbe  lines  of  the  plat  are  tben  gone  over  with  moderate  pressure  I17  a 
blunt  pnint,  such  as  the  eve-end  of  a  small  needle.  A  faint  tracing  of  tbeae 
lines  will  tben  be  found  on  the  clean  paper,  and  can  be  inked  at  leisure.  If 
the  original  can  not  be  thus  treated,  it  maj  first  be  copied  on  triicing-paper, 
and  tliifl  copy  be  thus- transferred.  ■  If  the  transfer- paper  be  prepared  by 
rnbbinR  it  with  lampblack  ground  up  with  hard  soap,  its  lines  will  be  in- 
affaoeable.    It  is  then  called  "  Camp-paper," 

226.  Copying  by  Punctnrea.  Fix  the  dean  p^ter  on  a  drawing-board 
and  the  plat  over  it.  Prepare  a  fine  needle  with  a  s^iag-wax  head.  Hold 
it  very  truly  perpendiculiir  to  the  board,  and  prick  through  every  angle  of 
the  plat,  and  every  comer  and  interMction  of  its  other  lines,  such  as  bonses, 
fences,  etc.  or  at  least  the  two  ends  of  every  line.  For  circles,  the  center 
and  one  pi>int  of  the  circumference  are  snfticient.  For  irregular  cnrves,  such 
as  rivers,  etc.,  enough  points  most  be  pricked  to  indicate  all  their  sinnosilies. 
Work  with  system,  finishing  np  one  strip  at  a  time,  so  as  not  to  omit  any 
necessary  points  nor  to  prick  tbroagh  any  twice,  though  the  latter  is  safer. 
When  completed,  remove  the  plat.  The  nopy  will  present  a  wilderness  of 
fine  points.  Select  those  which  determine  the  Icadinf!  lines,  and  then  the 
rest  will  be  eawly  recognized.  A  bepnner  shojld  first  pencil  the  lines  lightly, 
and  then  ink  them.  An  experienced  draughtsman  will  omit  the  penciling. 
Two  or  three  copies  may  be  thus  pricked  throngb  at  once.  The  holes  in  the 
original  plat  may  be  made  nearly  invisible  by  rubbing  them  on  the  back  of 
tlie  sheet  with  a  paper-folder,  or  the  thnmb-nail. 

226.  Copying  by  Intersectionfl.  Draw  a  line  on  tbe  dean  paper  equal 
in  lengtli  to  some  important  line  of  the  original.  Tno  starting-points  are 
tbas  obtained.  Take  in  the  dividers  the  distance  from  one  end  of  the  line 
on  the  original  to  a  third  point.  From  the  correspondinit  end  on  the  copy, 
describe  an  arc  with  this  distance  <'or  radius  and  nbont  where  the- point  will 
come.  Take  the  distance  on  the  orifcinal  from  the  other  end  of  the  line  to 
the  point,  and  describe  a  corrBsponding  arc  on  the  copy  to  intersect  the  for- 
mer arc  in  a  point  which  will  be  that  desired.  The  principle  of  the  opera- 
tion is  that  of  our  "  First  Merhod  "  <Art.  8).  Two  pair"  of  diviclpm  may  he 
nsod,  as  eiplsined  in  Art.  fl2.  "  Trinngidar  cora|ift«ses,''  l.nvinr  three  Ipua, 
ure  used  by  fixing  two  of  their  legs  on  the  two  given  puintn  of  the  original^ 
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knd  the  third  leg  liii  the  point  to  be  aopieJ,  and  then  transferring  there  to 
the  copy.  All  the  (loiots  of  ihe  original  can  thus  be  accurately  reproduced. 
Tlie  operation  ia,  liowe.er.  very  slow.  l>nlj  the  chief  points  o(  a  plat  may 
be  thus  transferred,  and  tbe  details  hhiMl  in  by  the  follon  ing  method : 

227.  Copyins  by  Siaarea.  On  the  original  plat  dmw  a  wries  of  par- 
allel and  eqaidistant  linea.  The  Tsquai'o  does  tliis  most  readily.  Draw  a 
aimilar  series  jit  right  angles  to  these.  The  plat  will  then  be  revered  with 
squares,  as  in  Fig  48,  On  the  clean  paper  draw  a  similar  aeriea  of  aqnares. 
The  important  pointa  may  nuw  be  fixi-d  as  in  tlis  last  article,  and  the  rest 
copied  by  eye,  all  the  points  in  eacli  square  of  the  original  being  properly 
placed  in  tlie  corresponding  square  of  the  copy,  noticing  whether  they  are 
near  the  top  or  bottom  of  eacii  square,  on  its  riglit  or  left  aide,  etc.  Thia 
method  is  rapid,  and  in  skillful  hands  quite  accurate. 

Instead  of  drawing  lines  on  the  oi'iginal.  a  sheet  of  transparent  paper 
coni^ning  them  may  be  placed  over  it;  or  an  open  frame  with  threads 
stretched  across  it  at  equal  distances  and  at  right  angles. 

This  method  supplies  a  transiti-.n  to  the  ffe.iujr(ion  and  Enlargement  ot 
plate  in  any  desired  ratio ;  under  which  head  Copying  by  the  Pantograph 
and  Camera  Lucida  will  be  noticed, 

228,  Sedujuif;  by  Scinarei.  Begin,  as  in  the  precediog  article,  by  draw- 
ing sqaares  on  tbe  original,  or  placing  them  over  it.  Tlien  on  tlie  clean 
paper  draw  n  similar  set  of  squares,  but  irith  their  siiles  one  halt,  one  third, 
etc.  (aocording  to  the  denred  reduction),  of  thoi-e  of  the  uriginal  plat.  Then 
proceed  ns  before  to  copy  into  each  small  square  all  the  pointe  and  Knee 
found  in  tbe  large  square  of  the  plat  in  their  trao  positions  relative  to  the 
sides  and  comers  of  the  square,  observing  to  reduce  each  distance,  by  eye,  or 
as  directed  in  the  following  article,  in  the  Riven  ratio. 

226.  Bednoing  by  Frqmrtion&l  Scales.  Many  graphical  methods  of 
finding  the  proportionate  length  of  the 

copy,  of  any  line  of  tbe  original,  may  ^^-  '^^^■ 

he  used.    Tlie  "  anglu  of  reduction  "  is  \C_ 

constructed  thus:  Draw  any  line  AB.  ■A^\ 

With  it  for  railins  and  A  for  center,  l„'^'\\  NA 

describe  an  indefinite  arc.    With  B  for  ^^\  \\\  \  \\ 

center  and  a  radius  eqnal  to  one  half, 
one  third,  etc.,  of  A  B  aecording  tothe 
desired  reduction,  describe  another  arc 
intersecting  the  former  arc  in  0.    Join       A  D  ~B 

A  0.     From  A  as  center  describe  a 

series  of  arcs.  Now,  to  reduce  any  distnnce,  take  it  in  the  dividers,  and  set 
it  off  from  A  on  A  B,  ns  to  D.  Then  the  distance  from  D  to  E,  the  other 
end  of  the  arc  pas'tinp  through  D,  will  be  tbe  proportionate  length  to  be  set 
off  on  the  copy,  in  the  manner  directed  in  Art.  326, 

The  sector,  or  "  compass  of  proportion,"  described  in  Art.  50,  presents 
3aoh  an  "angle  of  reduction,''  always  ready  to  be  used  in  thia  manner. 
10 
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The  "  uigte  of  reduction  "  maj  be  simplified  thra : 
Draw  a  line,  A  B,  parallel  to  one  siile  of  the  draw- 
ing-board, uid  another,  B  C,  at  right  angles  to  it,  and 
one  half,  etc.,  of  it,  as  desired.  Join  A  0.  Then  let 
A  D  be  the  distance  required  to  be  reduced.  Apply 
a  T-sqnare  so  as  to  pass  through  D.  It  will  meet  A  0 
in  some  point  E,  and  D  E  will  be  the  redoced  length 
required. 

Another  arrangement  for  the  aame  object  ie  shown 
in  Fig.  ITC.  Draw  two  lines,  A  B,  A  C,  at  any  angle, 
and  describe  a  series  of  arcs  from  their  intersection, 
A,  OS  in  the  figare.    Suppose  the  reduced  scale  is  to 

be  half  the  original  scale.     Divide  the  oDtertnoat  arc  into 

three  equal  parts,  and  draw  a  line  from  A  to  one  of  the  *^-  I'*- 

points  of  division,  as  D.    Then  each  arc  will  be  divided 

Into  porta,  one  of  which  is  twice  the  other.     Take  an; 

distance  on  the  original  scale,  and  Bnd  b;  trial  which  nf 

the  arcs  on  the  right-band  ude  ol  tbe  figure  it  corre- 

aponds  to.    The  other  part  of  that  arc  will  be  half  of  it, 

as  desired, 

"  Proportional  compasses,"  being  properly  set,  reduce 

lines  in  any  deured   ratio.     A  nmple  form  of  them, 

known  as  "  wholes  and  halves,"  is  often  useful.    It  con- 
sists of  two  Blender  bars,  pointed  at  each  end,  and  united 

by  a  pirot  which  is  twice  as  far  from  one  pair  of  the 

points  as  ttoxa  the  other  pair.    The  long  ends  being  set  to  any  distance,  the 

short  ends  will  give  precisely  half  that  distance. 

830.  Eedooing  by  &  Pantagn^  This  instmment  ean>iiBtB  of  two 
long  and  two  short  rulers,  connected  so  ssto  form  a  parallelogram,  and  capa- 
ble of  being  so  s4jnsted  that  when  a  tracing-point  attached  to  it  is  moved 
over  the  lines  of  a  map,  etc.,  a  pencil  attached  t')  another  part  of  it  wilt  mark 
on  paper  a  precise  copy,  reduced  on  any  scale  desired.  It  is  made  in  varions 
forms.    It  is  troublesome  to  use,  though  rapid  in  its  work. 

231.  Bednoing  by  a  Camera  Iiudda.  This  y  nsed  in  the  Coast  Sur- 
vey Office.  It  can  not  reduce  smaller  than  one  fourth,  without  losing  dis- 
tinctness, and  is  very  trying  to  the  eyes.  Squares  drawn  on  the  original  are 
brought  to  apparently  coincide  with  squares  on  the  reduction,  and  the  details 
ore  then  Blled  in  with  the  pencil,  as  seen  through  the  prism  of  the  instrument. 

232.  Enlai^lng  Platl.  Plats  may  be  enlarged  by  the  principal  meth- 
ods which  have  been  given  for  reducing  them,  but  this  should  be  done  as 
seldom  as  piissihle,  since  every  inaccuracy  in  the  original  becomes  magnified 
in  the  copy.    It  is  better  to  nrake  n  new  plat  from  the  original  data. 

233.  ConTentional  Stgni.  Various  conventional  signs  or  marks  have 
been  adopted,  more  or  less  generally,  to  represent  on  maps  the  inequsliUes  o( 
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tlie  rarfnce  of  the  groDnd,  its  different  kinds  of  caltare  or  ntitoral  prodoots, 
anil  Id  objecU  npon  it,  so  as  not  to  encumber  and  disfigure  it  with  mnch 
writing  or  inaii;  descriptive  legends.  Tbis  is  the  purpose  of  what  is  called 
Topographical  Mapping.     (See  Part  III,  Topoohapht.) 

234,  Orientation.  Tbe  map  is  ususll;  so  drawn  that  the  top  of  the 
paper  moj  represeat  the  north.  A  meridian  line  sliould  alw)  he  dravn,  both 
true  and  magnetic,  oa  in  Fig.  18S.  The  number  of  degrees  and  minntes  in 
the  variation,  if  kuown,  should  also  be  placed  between  tlie  two  north  points. 
Sometimes  a  compass-star  is  drawn  and  made  ver;  ornamental. 

236.  Letteiin{^  The  stjle  in  which  this  is  done  very  much  affects  the 
general  appearaucc  of  the  map.  The  jonng  surveyor  should  give  it  much 
attention  and  careful  pracdce.  It  must  all  be  in  imitation  ot  the  best  printed 
models.  No  writing,  however  bcnutiful,  is  admissible.  The  usnsl  letters  are 
the  ordinary  ROMAN  CAPITALS,  Small  Roman.  ITALIC  CAPITALS, 
SmaU  Italic,  and  GOTHIC  OR  EGYPTIAN.  This  last,  when  weU 
done,  is  very  effective.  For  the  titles  of  maps,  various  fancj  letters  may  be 
used.  For  very  large  letters,  those  formed  only  of  the  ahades  of  the  letters 
regarded  as  blocks  (the  body  being  rubbed  out  after  being  penciled  as  a  guide 
to  the  placing;  of  the  shades)  are  most  ensil;  made  to  look  well.  The  simplest 
lettering  is  generally  the  best.  The  sizes  of  the  names  of  places,  etc.,  should 
be  proportional  to  their  importance.  Elaborate  tallies  for  various  scales  have 
been  published.  It  is  better  to  make  the  letters  too  small  than  too  large. 
They  should  not  be  crowded.  Pencil-lines  should  always  be  ruled  as  guides. 
The  lettering  should  he  in  lines  parallel  to  the  bottom  of  the  map,  except  the 
names  of  rivers,  roads,  etc.,  whose  general  conrse  shonld  be  followed. 

236.  Bordnv.  The  Border  may  be  a  ungle  heavy  line,  inclosing  the 
nap  in  a  rectangle,  or  sucb  a  line  may  be  relieved  by  a  finer  line  drawn  par- 
allel and  near  to  it.  Time  ahould  not  be  wasted  in  ornamenting  the  border. 
The  simplest  is  the  best. 

237.  Joining  Faper.  If  the  map  is  larger  than  the  sheets  of  p^>er  at 
hand,  they  should  be  joined  with  a  fentber-edge,  l>y  proceeding  thus :  Cnt, 
wiUi  a  knife  guided  by  a  ruler,  nhout  one  third  through  the  thickness  of  the 
pa[>er,  and  tear  off,  on  the  nnder  side,  a  strip  of  the  remaining  thickness,  so 
as  to  leave  a  thin,  sharp  edp:e.  Treat  tlie  other  sheet  in  the  same  vay  on  the 
other  side  of  it.  When  these  two  feather-edges  are  then  put  together  (witli 
paste,  glue,  or  varnish),  they  will  make  a  neat  and  strong  joint.  The  sheet 
which  rests  npon  the  other  must  be  on  the  right-hand  side,  if  the  sheets  are 
Joined  lengthwise,  or  below  if  they  are  joined  in  that  direction,  so  that  the 
thickness  of  the  edge  may  not  cast  a  shadow  when  properly  placed  as  to  the 
light.  The  sheets  mnst  be  joined  before  lines  are  drawn  across  them,  or  the 
lines  will  become  distorted.  Drawing-paper  is  now  made  in  rolls  of  great 
lengtli,  BO  fls  to  render  this  ojieration  unnecessary. 

238.  Honnting  Kapi.  A  map  is  smnetiraes  required  to  be  monuted — 
L  e.,  backed  with  canvas  or  mnsUn.    To  do  this,  wet  the  muslin  and  stretch 


byGoogIc 


142  LAlfD-SUBVETINO. 

it  RtroDgly  on  a  board  \>j  tacks  driven  Tory  near  together.  Oover  It  wltli 
stroa>;  paste,  hentini;  this  in  with  a  brush  to  fill  up  the  pures  of  the  maslin. 
Then  Hpreail  paste  over  the  back  of  tlie  paper,  and  when  it  has  soaktit  isto  it 
apply  it  to  the  luiislin,  inclining  the  board,  and  pasting  first  a  strip,  about 
two  inches  wide,  along  the  npper  side  uf  the  paper,  pressing  it  down  with 
clean  linen  in  order  to  drive  out  all  air-bubbles.  Press  down  another  strip 
in  like  manner,  and  so  proceed  till  all  is  pasted.  Let  it  drj  very  gradually 
and  tboronghly  before  cutting  the  muslin  from  the  board. 

Maps  may  be  varnished  with  picture- varnish,  or  b;  applying  four  or  five 
coats  of  iainglaxa-size,  letting  each  dry  well  before  applying  the  next,  and 
giving  a  full,  fiowiug  coat  of  Canada  baleam  diluted  with  the  beet  oil  of  tav- 
pentine. 

LATTTUSES  AlH)  DBPABTUBBS. 

239.  Seflnitioiu.  The  Latitudb  of  a  point  ia  its  distaoce  north 
or  south  of  Bome  "  Parallel  of  Latitude,"  or  liae  ruuDiDg  east  or 
west.  The  Longitude  of  a  point  is  ita  distance  east  or  west  of 
some  "  Meridian,"  or  line  running  north  and  sooth.  In  compass- 
surveying,  the  magnetic  meridian — i.  e.,  the  direction  in  which 
the  magnetic  needle  points — is  the  line  from  which  the  longitudes 
of  points  are  measured  or  reckoned. 

The  distance  which  one  end  of  a  line  is  due  north  or  south  of 
the  other  end  is  called  the  DiffeTence  of  Latitude  of  the  two  ends 
of  the  line;  or  its  northing  or  southing;  or  simply  its  latitude. 

The  distance  which  one  end  of  the  line  is  due  east  or  west  of 
the  other  ia  here  called  the  Difference  of  Longitude  of  the  two 
ends  of  the  line  ;  or  its  easting  or  westing;  or  its  departure. 

Latitudes  and  Departures  are  the  moat  usual  terms,  and  will 
be  generally  used  hereafter,  for  the  sake  of  brevity. 

This  subject  may  be  illustrated  geographically,  by  noticing  that 
a  traveler,  in  going  from  New  York  to  Buffalo  in  a  straight  line, 
would  gn  about  one  hundred  and  fifty  miles  due  north,  and  two 
hundred  and  fifty  miles  due  west.  These  distances  would  be  the 
differences  of  latitude  and  of  longftndc  between  the  two  places,  or 
his  northing  and  westing.  Returning  from  Buffalo  to  New  York, 
the  same  distances  would  be  his  southing  and  easting.* 

•  It  should  be  remembered  that  the  folloiring  discussiona  of  the  latitudes  and  loii- 
f^tiidea  of  the  points  of  a  survey  will  not  be  perfectly  applicable  to  those  of  distant 
places,  such  as  the  cities  Just  named.  In  oonsequence  of  the  aur&ce  of  the  earth  not 
being  a  plane. 
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In  mathematical  language,  the  operation  of  finding  the  lati- 
tude and  longitude  of  a  line,  from  ita  bearing  and  length,  would 
be  called  the  transformation  of  Polar  Co- 
ordinat«^  into  Koctangular  Co-ordinatcB.  ' 

It  oonsiBts  in  determining,  by  onr  Second 
Principle,  the  position  of  a  point  which 
had  originally  been  determined  by  the 
Third  Principle.    Thus,    in    the   figare 

(which  is  the  aame  as  that  of  Art.  7),  the  point  S  is  determined 
by  the  angle  SAG  and  by  the  distance  A  S.  It  is  also  determined 
by  the  distances  AC  and  C  S,  measured  at  right  angles  to  each 
other ;  and  then,  supposing  C  S  to  mn  due  north  and  south,  0  S 
will  be  the  latitude,  and  A  G  the  departure  of  the  line  A  S. 


240.  CtlouUtion  of  Lstitodes  and  Departoru.  Let  A  B  be  a 
given  line,  of  which  the  length  AB, 
and  the  bearing  (or  angle,  B  A  C, 
which  it  makes  with  the  magnetic  me- 
ridian), arc  known.  It  is  required  to 
find  the  differences  of  latitude  and  of 
longitude  between  its  two  extremities 
A  and  B — that  is,  to  find  AG  and 
*  0  B  ;  or,  what  is  the  same  thing,  B  D 
and  DA. 

It  will  be  at  once  seen  that  A  B  is 
the  hypotenuse  of  a  right-angled  tri- 
angle, in  which  the  "Latitude"  and 
the  "  Departure  "  are  the  sides  about  the  right  angle.     We  there- 
fore know,  from  the  principles  of  trigonometry,  that 
A  0  =  A  B .  COS.  BAG, 
BC  =  AB.sin.  BAG. 
Hence,  to  find  the  latitude  of  any  course,  multiply  the  natural 
cosine  of  the  bearing  by  the  length  of  the  course  ;  and  to  find  the 
departure  of  any  course,  multiply  the  natural  sine  of  the  bearing 
by  the  length  of  the  course. 

If  the  course  bo  northerly,  the  latitude  will  be  north,  and  will 
be  marked  with  the  algebraic  sign  -|- ,  plus,  or  additive ;  if  it  be 
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sontherlj,  tbe  latitude  will  be  Boiith,  and  will  be  tnarlced  vitb  tbe 
algebraic  sign  -,  minus,  or  subtractive. 

If  the  course  be  eaetcrlj,  the  departure  will  be  east,  anti 
marked  +,  or  additive;  if  the  course  be  westerly,  the  departure 
will  be  west,  and  marked  — ,  or  subtmctive. 

24L  Formnlaa,  The  rules  of  the  preceding  article  may  be  ex- 
pressed thus : 

Latitude  =  distance  X  cos.  bearing. 
Departure  =:  distance  X  sin.  bearing.* 
From  these  formulas  may  be  obtained  others,  by  which,  when 
any  two  of  tbe  above  four  things  are  given,  the  remaining  two 
can  bo  found. 

When  the  Searing  and  Latitude  are  given  ; 

Distance  =  ^"JI^J^  =  latitude  X  sec.  bearing, 
Departure  =  latitude  X  tang,  bearing. 
When  the  Bearing  and  Dejmrtnre  are  given ; 

Distance  =  ,11^^^  =  departure  X  cosec.  bearing. 
Latitade  =  departure  X  cotang.  bearing. 
When  the  Distance  and  Latitude  are  given; 
Cos.  bearing  =  ^'^> 
Dcpartaro  =  latitude  X  tang,  bearing. 
When  the  Distance  and  Departure  are  given; 
Sin.  bearing  =  -j,^''. 
Latitude  =  departure  X  cotang.  bearing. 
When  the  Latitude  and  Departure  are  given; 
Img.  of  bearing  =  1S?> 
Distance  =  latitude  X  sec.  bearing. 
Still  more  simply,  any  two  of  these  three— distance,  latitude, 
u)d  departure — being  given,  we  have 

Distance  =  1/  (latitu'e'  +  departure*) 
Latitude  =  ^/  (distance*  —  departure') 
Departure  =  y*  (distance'  —  latitude*) 

'  WhcDGTer  sineB,  couneH,  Mngents,  etc.,  are  here  named,  they  mcnn  the  nttunl 
■Inel,  etc,  of  ta  »c  described  with  a  radiis  equal  (o  one,  or  to  (he  unit  by  whkfa  tba 
ttaet,  etc.,  Hre  ratuoTed. 
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842.  Travene-Tftbles.  The  latitude  and  departure  ot  an;  dis- 
tance, for  any  bearing,  oonld  be  found  by  the  method  giyea  in 
Art.  240,  witli  the  aid  of  a  table  of  natural  eines.  But  to  facili- 
tate these  calcnlatioDB,  which  are  of  so  frequent  occurrence  and 
of  eo  great  use,  traverse-tables  hare  been  prepared,  originally  for 
nafigatora  (whence  the  oame  traverse),  and  Bubseqnently  for  snr- 
yeyora.* 

The  traverse^table  at  the  end  of  this  volume  gives  the  latitude 
and  departure  for  any  bearing,  to  each  quarter  of  a  degree,  and  for 
distances  from  1  to  9. 

To  use  it,  find  Id  it  the  number  of  degrees  in  the  bearing,  on 
the  left-hand  aide  of  the  page,  if  it  be  lead  than  45°,  or  on  the 
right-hand  side  if  it  be  more.  The  nambers  on  the  same  line, 
running  across  the  page,f  are  the  latitudes  and  departures  for  that 
bearing,  and  for  the  respective  distances — 1,  3,  3,  4,  5,  6,  7,  8,  9 
— which  are  at  the  top  and  bottom  of  the  page,  and  which  may 
represent  chains,  links,  rods,  feet,  or  any  other  unit.  Thus,  if  the 
bearing  be  15°,  and  the  distance  1,  the  latitude  would  be  0*966 
and  the  departure  0'269.  For  the  eatne  bearing,  but  a  distaoce  of 
8,  the  latitude  would  be  7'727  and  the  departure  2*071. 

Any  distance,  however  great,  can  have  its  latitude  and  depart- 
ure readily  obtained  from  this  table  ;  since,  for  the  same  bearing, 
they  are  directly  proportional  to  the  distance,  because  of  the  simi- 
lar triangles  which  they  form.  Therefore,  to  find  the  latitude  or 
departure  for  60,  multiply  that  for  6  by  10,  which  merely  moves 
the  decimal-point  oue  place  to  the  right ;  for  500,  multiply  the 
numbers  found  in  the  table  for  5,  by  100 — i.  e.,  move  the  decimal 
point  two  places  to  the  right,  and  so  on.  Merely  moving  the  deci- 
mal-point to  the  right,  one,  two,  or  more  places,  will  therefore 
enable  this  table  to  give  the  latitude  and  departure  for  any  decimal 
multiple  of  the  numbers  in  the  table. 

*  The  fiivt  trkversc-table  for  Hinrejors  bcctiib  to  hare  been  published  in  11B1,  by 
John  Gale.  Tiic  moM  eiienaire  Uble  is  that  of  Captain  Boilcsu,  of  the  Biltish  ftirnT, 
beii^  calculated  for  everj  mlntile  of  bearing,  and  to  five  dedmal  placet,  for  diatanoef 
from  1  to  10.  The  table  In  this  volume  una  calculated  for  <t,  and  then  oompored 
irith  the  one  just  nientloDed. 

t  In  UBiu^  this  or  an;  similar  tnble,  lar  a  niler  across  the  page,  just  above  or  be- 
k>y  tbe  line  Ut  be  follow^  out,    ThLi  is  a  ver^  Tftluable  mct^anieal  as.'Utau'^ 
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For  compound  numbers,  such  ae  873,  it  is  only  neceesary  to 
find  separately  the  latitudes  and  departures  of  800,  of  70,  and  of 
3,  and  add  them  together.  But  this  may  be  done,  with  scarcely 
any  riak  of  error,  by  the  following  simple  rule : 

Write  down  the  latitude  and  departure  for  the  first  figure  of 
the  given  number,  as  found  in  the  table,  neglecting  the  decimal- 
point;  write  nnder  them  the  latitude  and  departure  of  the  second 
figure.  Betting  them  one  place  farther  to  the  right ;  under  them 
write  the  latitude  and  depu'ture  of  the  third  figure,  setting  them 
one  place  farther  to  the  right ;  and  ao  proceed  with  all  the  figures 
of  the  given  number.  Add  up  these  latitudes  and  departures,  and 
out  off  the  three  right-hand  figures.  The  remaining  figures  will 
be  the  latitude  and  departure  of  the  given  number  in  links,  or 
chains,  or  feet,  or  whatever  unit  it  was  given  in. 

For  example :  Let  the  latitude  and  departure  of  a  course  hav- 
ing a  distance  of  873  links,"  and  a  bearing  of  20",  be  required.     In 
the  table  find  20%  and  then  take  out  the  latitude  and  departure 
for  8,  7,  an^  3,  in  turn,  placing  them  as  above  directed,  thus : 
Distances.  Latitudes.  Departures. 

800  7518  2736 

70  6578  2394 

8  2819  1026 

873  820-399  298^566 

Taking  the  nearest  whole  numbers  and  rejecting  the  decimals, 
we  find  the  desired  latitude  and  departure  to  be  820  and  299.* 
When  a  0  occurs  in  the  given  number,  the  next  figure  must  be 
set  two  places  to  the  right,  the  reason  of  which  will  appear  from  the 
following  example,  in  which  the  0  is  treated  like  any  other  number  : 
Given  a  bearing  of  36°,  and  a  distance  of  3048  links. 
Distances.  Latitudes.  Departures. 

3000  8457  1721 

000  0000  0000 

40  3277  2294 

?  6553  4589 

30^ 2496-323  1748^29 

•  It  Ib  frequently  doubtful,  in  m«nj  calculations,  -hen  the  finU  dediokl  is  B, 
•hether  to  incroase-the  preceding  figure  by  one  or  not.  Thus,  43-6  may  ba  tailed  43 
or  44  wuh  equsl  correctncSB.  It  is  bettor,  in  such  cmcb,  not  to  increase  the  whole 
number,  ao  as  to  escape  the  trouble  of  changing  ibe  original  figure,  and  the  increa«cd 
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Here  the  latitudes  and  departures  are  3496  aod  1749  links. 
When  the  bearing  is  over  45%  the  niiinea  of  the  columnB  miiBt 
be  read  from  the  bottom  of  tlic  page,  the  latitude  of  any  bearing, 
as  50°,  being  the  dci>artiije  of  the  complement  of  this  bcaripg,  or 
40°,  and  the  departure  of  40"  being  the  latitude  of  50°,  etc.  The 
reaaon  of  this  will  be  at  once  seen  on  inspecting  Fig.  177,  and 
imagining  the  east  and  west  line  to  become  a  meridian.  For,  if 
A  0  be  the  magnetic  meridian,  as  before,  and  therefore  B  A  C  be 
the  bearing  of  the  course  A  B,  then  is  A  C  the  latitude,  and  C  B 
the  departure  of  that  course.  But  if  A  E  be  the  meridian  and 
BAD  (the  complement  of  BAC)  be  the  bearing,  then  is  AD 
(which  is  equal  to  C  B)  the  latitude,  and  DB  (which  is  equal  to 
A  C)  the  departure. 

As  an  example  of  this,  let  the  bearing  be  63^°,  and  the  distance 
3,469  links.     Proceeding  as  before,  we  have — 

Distances.  Latitudes.  Departures. 

3000  1360  2679 

400  1800  3573 

60  2701  5358 

9  -    4051  8037 


3469-  1661-061  3097-817 

The  required  latitude  and  departure  are  1561  and  3008  links. 

In  the  few  cases  occurring  in  compass-surveying,  in  which  the 
bearing  is  recorded  as  somewhere  between  the  fractions  of  a  degree 
given  in  the  table,  its  latitude  and  departure  may  be  found  by  in- 
terpolation. Thus,  if  the  bearing  be  10f°,  take  the  half  sum  of  the 
latitudes  and  departures  for  10|°  and  10^°.  If  it  be  10°  20',  add  one 
third  of  the  difference  between  the  latitudes  and  departures  for  10|° 
and  for  lOJ",  to  those  opposite  to  lOJ"  ;  and  so  in  any  similar  case. 

The  uses  of  this  table  are  very  varied.  The  principal  applica> 
tiona  of  it,  which  will  now  bo  explained,  are  to  testing  the  accu- 
racy of  surveys ;  to  supplying  ominHtons  in  them ;  to  platting 
them;  and  to  calculating  their  content.* 

Aance  of  error.     H,  howcTer,  more  tlian  one  Rucb  ca»c  nccuM  in  the  fairit  column 
to  be  added  up,  tlie  lai^er  and  Bmaller  number  shoulil  be  laken  allemately. 

*  The  tMverse.tablc   admite  of  many  other  minor  viita.    Thus,  it  nav  he  used 
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S43.  Application  to  tetting  »  Snrrej.  It  is  self-evident  that^ 
wheQ  the  surveyor  has  gone  corapleteiy  around  a  field  or  farm, 
taking  the  bearings  and  distances  of  each  boundary  •line,  till  he 
has  got  back  to  the  starting- point,  ho  has  gone  precisely  us  far 
south  as  north,  and  as  far  west  as  east.  But  the  sum  of  the  north 
latitudes  tells  how  far  north  he  has  gone,  and  the  sum  of  the  south 
latitudes  how  far  south  ho  has  gone.  Hence  these  two  sums  will 
be  equal  to  each  other,  if  the  survey  has  been  correctly  made.  In 
like  manner,  the  sums  of  the  east  and  of  the  west  departure.^ 
must  also  be  equal  to  each  other. 

We  will  apply  this  principle  to  testing  the  accuracy  of  the  snr- 
Tey  of  which  Fig.  161  is  a  plat.  Prepare  seven  columns,  and  head 
them  as  below.  Find  the  latitude  and  departure  of  each  course  to 
the  nearest  link,  and  write  them  in  their  appropriate  columns. 
Add  up  these  columns.  Then  will  the  difference  between  the 
sums  of  the  north  and  soath  latitudes,  and  between  the  sums  of 
the  east  and  west  departures,  indicate  the  degree  of  accuracy  of 
the  survey. 


„.™... 

»^.™. 

.»...o.. 

DEPART^™.         1 

.    N. 

8. 

E, 

1-28 

1&8 

w. 

N.8B"    E. 
N.  sai"  E. 
S.  67*    E. 

8.  m"  w. 

N.  E6t°  W. 

8-70 
1-29 
2-22 
8-66 
8-28 

2  21 
■IB 

1-78 

2-93 

2-00 
2-09 

"4'69" 

4-14 

414 

4'()9 

The  entire  work  of  the  above  example  is  given  on  the  following 


for  solving,  approilniately,  anj  righl-Bnglcd  triangle  bj  mern  inupccllon,  the  bearing 
being  taken  for  one  of  the  acutr  ftngles ;  the  latitude  being  the  Bide  adjauunt,  the  do- 
panurc  the  side  opposite,  and  the  distance  the  hrpoteniifc.  kaj  two  of  these  b^g 
giien,  the  others  are  given  hy  the  table.  The  table  will  therefore  servo  to  allow  the 
attowanee  to  be  made  in  chaining  on  alopea  (sec  Art  SO).  Look  in  the  colonm  of 
bearings  for  the  slope  of  the  ground — i.  e.,  the  angle  it  makea  with  the  horizon,  Bod 
the  given  di^tauce,  and  the  la^tiide  corresponding  will  tie  the  dctiired  horizontal 
measurement,  and  the   difference  between  it  and  tbe  distance  will  tie  the  nUowanee 
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67840  401fi0  4183  2814 

S66'         298-463  199-T54 


1019  8942  1656  2602 

129-  14-679  128-313  823-        178-296  269-382 

1089  1677  inaerted  in  tlje  table,  and  the  re- 

. — — ~  mainiDg  decimals  are  neglected. 

«aa-        120-879  188-147 

In  the  preceding  esample  the  respective  sums  were  foand  to  be 
exactly  equal  This,  howerer,  will  rarely  occur  in  an  extensive 
aarrey.  If  the  difference  be  great,  it  indicates  some  miBtAke,  and 
the  survey  mnst  be  repeated  witb  greater  care  ;  hat  if  the  differ- 
ence be  small  it  indicates,  not  absolute  errors,  but  only  inaccura- 
cies, unavoidable  in  surveys  with  the  compass,  and  the  survey  may 
be  accepted.  * 

How  great  a  difference  in  the  sums  of  the  columns  may  be 
allowed,  aa  not  necessitating  a  new  survey,  is  a  dubious  point. 
Some  surveyor  would  admit  a  difference  of  1  link  for  every  3 
chains  in  the  sum  of  the  courses  ;  others  only  1  link  for  every  10 
chains.  One  vriter  puts  the  limit  at  5  links  for  each  station ; 
another  at  26  links  in  a  survey  of  100  acres.  But  every  practical 
surveyor  soon  learns  how  near  to  an  equality  his  instrument  and 
his  skill  will  enable  bim  to  come  in  ordinary  cases,  and  can  there- 
fore establish  a  standard  for  himself,  by  which  he  can  judge 
whether  the  difference,  in  any  snrvey  of  bis  own,  is  probably  the 
result  of  an  error,  or  only  of  hie  customary  degree  of  inaccnracy, 
two  things  to  he  very  carefully  distinguished.* 

S44.  Application  to  nipplying  Omisnoiu.  Any  two  omissions 
in  the  field-notes  can  be  supplied  by  a  proper  use  of  the  method  of 
latitudes  and  departures  ;  as  will  be  explained  in  Chapter  V,  which 
treats  of  "Obstacles  to   Measurement,"  under   which   head   this 

'  A  FretMb  writer  flxea  the  allowable  difference  in  chaining  at  1-400  of  level  lioes,- 
1-tOO  of  llaes  on  moderUe  elopes  \  l-lOO  of  tinea  oa  eteep  slopes. 
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aobject  moet  appropriately  belongs.  But  a  knowledge  of  the  &ct 
that  any  two  omissions  can  be  supplied,  should  not  lead  the  young 
surveyor  to  be  negligent  in  making  every  possible  meaeuremeut, 
eince  an  omission  renders  it  necessary  to  assume  all  the  notes  takun 
to  be  correct,  the  means  of  testing  them  no  longer  existing. 

245,  Balancing  a  Survey.  The  subsequent  applications  of  this 
method  require  the  enrTey  to  be  previously  balanced.  This  opera- 
tion consists  in  correcting  the  latitudes  and  departares  of  the 
courses,  so  that  their  sums  shall  be  equal,  and  thus  "balance." 
This  is  usually  done  by  distributing  the  differences  of  the  sums 
among  the  courses  iu  proportion  to  their  length  ;  saying,  as  the 
sum  of  the  lengths  of  all  the  courses  is  to  the  whole  difference  of 
the  latitude,  so  is  the  ieogth  of  each  course  to  the  correction  of  its 
latitude.     A  similar  proportion  corrects  the  departures.* 

It  is  not  often  necessary  to  make  the  exact  proportion,  as  the 
correction  can  usually  bo  made,  with  sufficient  accuracy,  by  not- 
ing how  much  per  chain  it  should  bo,  and  correcting  accord- 
ingly. 

In  the  example  given  below,  the  differences  have  purposely  been 
made  considerable.  The  corrected  latitudes  and  departures  have 
been  here  inserted  in  four  additional  columns,  hut  in  practice  they 
should  be  written  in  red  ink  over  the  original  latitudes  and  dc]>art< 
ures,  and  the  latter  crossed  out  with  red  ink. 


i 

an 

f} 

^T..™«. 

n„.„..n„. 

1 

N.+ 

B.- 

E.* 

w.- 

K.. 

S. — 

E*    1   W.- 
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na" 
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10-68 

B'G4 

8-3fl 

6-B8 

8-84 1 

I 

S 

m 

V. 

4-10 

8-66 

2-08 

R 

H 

sii 

W. 

7-69 

fi-fi4 

4-05 

fi-51 

4 

N 

61" 

W. 

713 

3-48 

6-24 

3-48 

6-27 

89'd5 

lO-CM) 

1010 

10-41  jlO'SO 

10-00 

10-06 

10-85 

1036 

The  corrections  are  made  by  the  following  proportions ;   the 
nearest  whole  numbers  being  taken  : 

*  A  detDOiiatraUon  of  tbla  prindple  was  girea  b;  Dr.  Bowditcb,  in  Ko.  4  of  "The 
Auljrt." 
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Kr  tie  LatUuda, 


2956 

10-68 

29-55 

4-10 

26-55 

7-69 

29-65 

718 

29-65 

10-68  : 

-   19,  ■ 

29-55 

410  . 

:  12  : 

39-66 

7-69  . 

:  12  t 

29-55 

7-18  : 

;  12  : 

This  rnle  is  not  always  to  be  strictly  folloved.  If  one  line  of  a 
Borrey  haa  been  measured  over  very  unevcu  and  rough  ground,  or 
if  its  bearing  has  been  taken  with  an  iadistinot  sight,  while  tlic 
other  lines  have  been  measured  over  level  and  clear  ground,  it  is 
probable  that  most  of  the  error  has  occurred  on  that  line,  and  the 
correction  should'  be  chiefly  made  on  its  latitude  and  departure. 

If  a  slight  change  of  the  bearing  of  a  lung  course  will  favor  the 
balancing,  it  should  be  so  changed,  since  the  compass  is  much 
more  subject  to  error  than  the  chain.  So,  too,  if  shortening  any 
doubtful  line  will  taror  the  balancing,  it  should  be  done,  since  dis- 
tances are  generally  measured  too  long. 

246.  Applioation  to  Flatting.  Rule  three  colamns ;  one  for 
stations,  the  next  for  total  latitudes,  and  the  third  for  total  de- 
partures. Fill  the  last  two  columns  by  beginning  at  any  conven- 
ient station  (the  extreme  east  or  west  i^best)  and  adding  up  (^ge- 
braically)  the  latitudes  of  the  following  stations,  noticing  that  the 
south  latitudes  are  subtractive.  Do  the  same  for  the  departures, 
observing  that  the  westerly  ones  are  also  subtractive. 

Taking  the  example  given  in  Art.  243,  and  beginning  with  stf^ 
tion  1,  the  following  will  be  the  results : 


„„.0K..     -"■■---r'™" 

^'^''^.^^'""' 

1 

2 
8 

4 
C 

1 

0-00 
+  2-21  N. 
+  3-36  N. 
+  1-15  N. 
-  1-78  S. 

0-00 

0-00 
+  1-65  E. 
+  2-83  E. 
+  4-60  E. 
+  2-69  E. 

0-00 

It  win  be  seen  that  the  work  proves  itself,  by  the  total  latitudes 
md  departures  for  station  1,  again  coming  out  equal  to  zero. 
To  use  this  table,  draw  a  meridian  through  the  point  taken  foi 
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Fia.  178. 


Btation  1,  as  in  Fig.  178.  Set  off,  upward  from  this,  along  the 
meridian,  the  latitude,  221  links,  to  A,  and  from  A,  to  the  right 
perpeodicularly,  set 
off  the  departure,  155 
links.*  This  gives 
the  point  2.  Join 
1....2.  From  1  again, 
set  off,  upward,  236 
links,  to  B,  and  from 
B,  to  the  right,  per- 
pendicnlarly,  set  off 
283  links,  which  will 
fix  the  point  3.  Join 
2....3  ;  and  so  pro- 
ceed, settingoff  north 
latitudes  along  the 
meridian  upward,  and 
south  latitudes  along 
it  downward  ;  east 
departures  perpendicularly  to  the  right,  and  west  departures  per- 
pendicularly to  the  left. 

The  advantages  of  this  method  are  it8  rapidity,  ease,  and  accu- 
racy ;  the  impossibility  of  any  error  in  platting  any  one  conrse 
affecting  the  following  points  ;  and  the  certainty  of  the  plat  "com- 
ing together,"  it  the  latitudes  and  departures  have  leen  "bal- 
anced." 

OAliOITIiATIKO  THX    CONTEHT. 

247.  Kethods.  When  a  field  has  been  platted,  by  whatever 
method  it  may  have  been  enrveyed,  its  content  can  be  obtained 
from  its  plat  by  dividing  it  up  into  triangles,  and  measuring  on  the 
plat  their  bases  and  perpendiculars  ;  or  by  any  of  the  other  means 
explained  in  Chapter  II. 

But  these  are  only  approximat«  methods,  their  degree  of  accu' 

"  This  is  most  eauilj  done  with  the  aid  of  ■  right-»ng1ed  Iriwigle,  BliiJlBg  one  of 
the  sides  adjacent  to  the  right  angle  along  (he  blade  of  the  mjuare,  to  which  the  othet 
■ide  will  then  b«  perpendicular. 
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Titcy  depending  on  the  largeness  of  scale  of  the  plat  and  the  skill 
of  the  draughtsman.  The  invaluable  method  of  latitudes  and  de- 
partures  gives  another  means,  perfectly  accurate,  and  not  requiring 
the  previous  preparation  of  a  plat.  It  ia  sometimes  called  the 
rectangular,  or  the  Pennsylvaiiia,  or  Bittenbouse's  method  of  cal- 
culation.* 

248.  Deflnitiona.  Imagine  a  meridian  line  to  pass  throngh  the 
extreme  east  or  west  comer  of  a  field.  According  to  the  defi- 
nitions established  in  Art.  239  (and  here  recapitulated  for  con- 
Tenience  of  reference),  the  perpendicular  distance  of  each  station 
from  that  nieridian  is  the  Longitude  of  that  atatioa  ;  additive,  or 
plus,  if  east ;  Hubtractive,  or  minua,  if  west.  Tbe  distance  of  the 
middle  of  any  line,  such  as  the  side 
of  the  field,  from  tbe  meridian,  is 
called  the  longitude  of  that  aide.f 
The  difference  of  the  longitudes 
of  the  two  ends  of  a  line  is  called 
the  Departure  ot  that  line.  Tbe 
difference  of  the  latitudes  of  the 
two  ends  of  a  line  is  called  tbe 
Latitude  of  tbe  line. 


Fra.  119. 


249.  Xon^tadei.  To  give  more 
detiuiteness  to  the  development  of 
this  subject,  the  figure  in  the  mar- 
gin will  be  referred  to,  and  may  be 
considered  to  represent  any  space 
inclosed  by  straight  lines. 

Let  N  S  be  the  meridian  passing 
throngh    the    extreme   westerly   station  of   the   field  ABODE. 

*  It  ia,  bowcTer,  BubsUatiallj  Ihe  Mme  u  Hr.  Thomas  Burgh's  "  Hetbod  to  de- 
tenoine  the  Areas  of  Ri(;hi-linod  figures  aaiversiklly,"  published  nwrl;  >  ceotuij 
ago, 

t  The  phrase  "  meridian  distance  "  is  generally  used  for  what  is  here  Mlled  "  lon- 
gitude"; but  the  snalogj  of  "differences  ot  longitude"  with  "dilTerences  of  lati- 
tude," osually  but  anomalouslj  united  with  the  word  "departure,"  borrowed  from 
navigation,  seems  to  put  beyond  all  questiou  the  propriety  of  the  innoTMion  here 
IptToduMd. 
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From  the  middle  and  endB  of  each  aide  draw  perpenaicmars  tfl 
the  meridian.  These  perpendiculars  will  be  the  longttutlen  and 
departures  of  the  respective  sides.  The  longitude,  FG,  of  the 
Jirst  course,  AB,  is  evid.ntly  eqnal  to  half  its  departure,  HB. 
The  longitude,  J  K,  of  the  second  course,  B  C,  is  equal  to  J  L 
+  L  M  -f-  M  K,  or  equal  to  the  longitude  of  the  preceding  course, 
plus  half  its  departure,  plus  half  the  departure  of  the  course  it- 
self. The  longitude,  Y  Z,  of  some  other  course,  as  E  A,  taken  any- 
where, is'  equal  to  W  X  —  V  X  —  TJ  V,  or  equal  to  the  longitude 
of  the  preceding  course,  minus  half  ita  departure,  minus  half  the 
departure  of  the  course  itself — i.  e.,  equal  to  the  algebraie  sum  of 
these  three  parts,  remembering  that  westerly  departures  are  nega- 
tive, and  therefore  to  be  subtracted  when  the  directions  are  to 
make  an  algebraic  addition. 

To  avoid  fractions  it  will  be  better  to  double  each  of  the  pre- 
ceding expressions.     We  shall  then  have  a 

Qbneral  Rclb  fob  FiNDisa  Double  LoNOiTtrDBS. 
The  double  longitude  of  the  first  cocbsb  is  equal  to  its  depart- 

The  double  longitude  of  the  second  course  is  equal  to  the  double 
longitude  of  the  first  course,  plus  the  departure  of  that  course,  plus 
the  departure  of  the  second  course. 

The  double  longitude  of  the  third  cocBSE  is  equal  to  the  double 
longitude  of  the  second  course,  plus  the  departure  of  that  course, 
plus  the  departure  of  the  course  itself. 

The  double  longitude  of  ant  course  is  equal  to  the  double  longi- 
tude of  the  preceding  course,  plus  the  departure  of  that  course,  plus 
the  departure  of  the  course  itself* 

The  double  longitude  of  the  last  course  (as  well  as  of  the  first) 
is  equal  to  its  departure.  Its  "coming  out"  so,  when  obtained  bj 
the  above  rule,  proves  the  accuracy  of  the  calculation  of  all  tlie 
preceding  double  longitudes. 

260.  Areaa.     We  will  now  proceed  to  find  the  area  or  content 

of  a  field,  by  means  of  the  "double  longitudes"  of  its  sides,  which 

•  The  last  course  Ie  a  "  procHling  courap  "  to  Ibe  first  course,  as  will  appew  on 
remembering  that  these  two  courses  join  cnch  other  on  the  ground. 
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can  be  readily  obtoioed  b;  the  preceding  rule,  whaliefer  their 
namber. 


N 

-   . 

:< 

A, 

H 

c 

g 


251,  BeginniDg  vith  a  three-sided  field,  A  B  C  in  the  figure, 
draw  a  meridian  through  A,  and  draw  perpendiculars  to  it  as  in 
the  last  figure.     It  a  plain  that  its  con- 
tent is  equal  to  the  difference  of  the  areas 
of  the  trapeaoid  D  B  C  E,  and  of  the  tri- 
angles A  B  D  and  A  G  E. 

The  area  of  the  triangle  A  B  D  is  equal 
to  the  product  of  A  D  by  half  of  D  B,  or 
to  the  product  of  A  D  by  F  G  ;  i,  e.,  eqnal 
to  the  product  of  the  latitude  of  the  first 
course  by  ifa  longitude. 

The  area  of  the  trapezoid  D  B  C  E  is 
equal  to  the  product  of  D  £  by  half  the 
sura  of  DB  and  CB,  or  by  HJ;  i.  e., 
to  tho  product  of  the  latitude  of  the  sec- 
ond course  by  its  longitude, 

The  area  of  the  triangle  A  C  E  is  equal  to  the  product  of  A  E 
by  half  E  C,  or  by  K  L ;  i.  e,,  to  the  product  of  the  latitude  of  the 
third  course  by  its  longitude. 

Calling  the  products  in  which  the  lati- 
tude was  north.  North  Products,  and  the 
products  in  which  the  latitude  was  south. 
South  Products,  we  shall  find  the  area  of 
the  trapezoid  to  be  a  south  product,  and 
the  areas  of  the  triangles  to  be  north  prod- 
ucts.  The  difference  of  the  north  products 
and  the  south  products  is  there/ore  the  de^ 
sired  area  of  the  three-sided  field  ABC. 

Using  the  double  longitudes  (in  order  to 
avoid  fractions)  in  each  of  the  preceding 
prodncts,  their  difference  will  be  the  ■double 
area  of  the  triangle  ABC. 

262.    Taking    now  a  four-sided  field, 
A  B  C  D  in  the  figure,  and  drawing  a  meridian  and  longitudes  aa 
11 


Fia.  181. 
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before,  it  is  seen,  on  inspection,  that  its  area  would  be  obtained 
by  taking  the  two  triangles,  ABE,  ADO,  from  the  figure 
E  B  0  D  G  E,  or  from  the  enm  of  the  two  trapezoids  E  B  C  F  and 
FCDG. 

The  area  of  the  triangle  A  E  B  will  be  found,  as  in  the  last 
article,  to  be  equal  to  the  product  of  tho  latitude  of  the  first 
course  by  ita  longitude.     The  product  will  be  North, 

The  area  of  the  trapezoid  E  B  0  F  will  be  fonnd  to  equal  the 
latitude  of  the  second  course  by  its  longitude.  The  product  will 
be  South. 

The  area  of  the  trapezoid  F  C  D  0  will  be  found  to  equal  the 
product  of  the  latitude  of  the  third  course  by  its  longitude. 
The  prodnct  will  be  South. 

The  area  of  the  triangle  ADO  will  be  found  to  equal  the  prod- 
uct of  the  latitude  of  the  fourth  course  by  its  longitude.  The 
product  will  be  North. 

The  difference  of  the  north  and  south  products  toiU  therefore  be 
the  desired  area  of  the  four-sided  field  A  B  C  D. 

Using  the  double  longitude  as  before,  in  each  of  the  preceding 
products,  their  difference  will  be  double  the  area  of  the  field. 

283.  Whatever  the  number  or  directions  of  the  sides  of  a  field, 
or  of  any  space  inclosed  by  straight  lines,  its  area  will  always  be 
equal  to  half  of  the  difference  of  the  north  and  south  products 
arising  from  multiplying  together  the  latitude  and  double  longitude 
of  each  course  or  side. 

We  have,  therefore,  the  following 

Oa.YBBAL  Role  for  FitiofNo  Abias. 

1.  Prepare  ten  columns,  headed  as  in  the  example  below,  and  in 
the  first  three  write  the  stations,  bearings,  and  distances. 

2.  Find  the  latitudes  and  departures  of  each  course,  by  the 
traverse-table,  as  directed  in  Art.  243,  placing  them  in  the  four 
follovnng  columns. 

3.  BcJance  them,  as  in  Art.  345,  correcting  them  in  red 
ink. 

4.  Find  the  double  longitudes,  as  in  Art.  249,  with  reference 
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to  a  meridian  passing  through  the  extreme  east  or  west  station,  and 
place  them  in  the  eighth  column. 

5.  Multiply  the  double  longitude  of  each  course  by  the  corrected 
latitude  of  that  course,  placing  the  north  products  in  the  ninth 
column,  and  the  south  products  in  the  tenth  column. 

6.  Add  up  the  last  two  columns,  subtract  the  smaller  sum  from 
the  larger,  and  divide  the  difference  by  two.  The  quotient  will  be 
the  content  desired. 

254.  To  find  the  moat  easterly  or  westerly  atation  of  a  enrrey, 
vitbont  a  plat,  it  is  best  to  make  a  rough  hand-sketch  of  the  sur- 
vey, drawing  the  lines  in  an  approximation  to  their  tme  direotions, 
by  drawing  a  north  and  south,  and  east  and  west  lines,  and  con- 
sidering the  bearings  as  fractional  parte  of  a  right  angle,  or  90°  j 
a  course  N.  45°  £.,  for  example,  being  drawn  about  half-way  be- 
tween a  north  and  an  east  direction  ;  a  coarse  N.  38°  W.  being  not 
quite  one  third  of  the  way  around  from  north  to  west ;  and  so  on, 
drawing  them  of  approximately  true  proportional  lengths. 


2SS.  Example  1,  giren  below,  refers  to  the  five-sided  field,  of 
which  a  plat  is  given  in  Fig.  161,  and  the 
latitudes  and  departures  of  which  were 
calcuUted  in  Art.  343.  Station  1  is  the 
most  westerly  station,  and  the  meridian  will 
be  supposed  to  pass  throagh  it.  The  double 
longitudes  are  best  found  by  a  contiaaal 
addition  and  subtraction,  as  in  the  mar- 
gin, where  they  are  marked  I>,  L.  The 
double  longitude  of  the  last  course  comes 
out  equal  to  its  departure,  thus  proving  the 
work. 

The  double  longitudes  being  thns  ob- 
tained, are  maltlplied  by  the  corresponding 
latitudes,  and  the  content  of  the  field  ob- 
tained as  directed  in  the  General  Rule. 

This  example  may  serve  as  a  pattern  for  1 
manner  of  arranging  the  work. 


i"S"». 

+  IBS  D,  L. 
+  1-65 
+  1-28 

+  4-88  D.  L 
+  1-28 
+  1-86 

+  7-62  D.  L. 
+  1M 

—  a-oo 

+  7-88  D.  L. 

—  2-00 
-2-69 

+  2-69  D.  L, 

G 

I  most  compact 
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^ 

„^.-.. 

If 

..,„«o>.. 

..P,.^.K.. 

+  1-56 

UOCBL 

.«.. 

N.* 

2  21 

8.- 

TfiB 

.^^ 

N. — 

S.t 

N.  B5°    E.  ' 

2-70 

8-4255 

N.  831°  F- 

1-29 

•IB 

1-28 

+  4-38 

0  6570 

8 

S.  57°    E. 

3-22 

1-«1 

1-86 

+  7-52 

9  0992 

W'UH 

:!-0() 

+  7-38 

6 

N.  561"  W. 

323 

1-7B 

a«» 

+2-e9 

4*14 

4-14 

4fi9 

4-fiB 

8-8707 

30-7226 

■    8-8707 

«m(*r.e  =  lA.  OR.  IBP.                                           2J21-8519 

square  chains,    1011259 

266.  The  meridian  might  equally  well 
have  been  supposed  to  pass  throngh  the 
most  easterly  station,  4  in  the  figure.  The 
double  longitudes  could  then  have  been 
calculated  as  in  the  margin.  They  will,  of 
course,  be  all  west,  or  minue.  The  prod* 
nets  being  then  calculated,  the  sum  of  the 
north  products  will  be  found  to  be  29*9685, 
and  of  the  south  products  8-1106,  and 
their  difference  to  be  21-8519,  the  same  re- 
sult as  before. 

267.  A  number  of  examples,  with  and 
without  answers,  will  now  be  given  as  ex- 
ercises for  the  student,  who 
should  plat  them  by  some  of 
the  methods  given  in  the  chap- 
ter on  platting,  using  each  of 
them  at  least  once.  He  should 
then  calculate  their  content  by 
the  method  just  given,  and 
check  it,  by  alio  calculating  the 
area  of  the  plat  by  some  of 
the  geometrical  or  instrument- 
al methods  given  in  Chapter 
I ;   for  no  single  calculation  is 


•ri- 

-  200  D.  L. 

-2-00 
-2-69 

4 

S 

-  6-69  D.  L. 
-2-69 
+  1-56 

1 

-  7-83  D.  L, 
+  1-55 
+  1-28 

8 

—  6-00  D.  L. 

+  1-28 
+  1-88 

8 

-1-86 
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flTer  reliable.     All  the  examples  (except   the  la£t)  lu-e  from  the 
author's  actual  surveys. 

Jixample  2,  given  below,  is  also  fully  worked  out,  m  another 
pattern  for  the  student,  who  need  have  no  difficulty  with  any 
IxMaible  case  if  he  strictly  follows  the  directions  which  have 
been  given.  The  plat  is  on  a  scale  of  2  chains  to  1  inch 
(  =  1:1584). 


ill  "^*^ , 

i 

LAT.WI.M. 

CP^T^., 

+  6  68 
+4  06 

+   ^47 
+114 
+2-63 

+4^86 

chaioe. 

DOIIBLB  >■■■>■. 

2  76 

■77 

3-62 
A.  8 

8.- 

104 
1-02 
106 
■87 

3'52 
R.  IE 

■60 

1-14 

•24 
1'60 

8^58 

811 
•47 

3-68 
tqnare 

N.+ 

8.- 

1  ,  N.  iai°  E. 

2  N.  78"    W. 
8    '  8.  Mi"  W. 
4      S.  48°    E. 
D      a  121' E. 

e    1 8.  77°    E. 

ConU 

2-81 
B-20 
114 
1-58 
112 
1'64 

•n(  =  0 

18^0400 
81186 

•4888 
1-1(128 
2'7468 
1-6182 

21  ■1686 
B0116 

)16-1469 
7^5734 

6-01 16 

.,.„.„. 

.„..c... 

1 
3 
8 

4 

N.  63°    E. 
S.  2ar  E. 

s.  8ir  w. 

N.  01°    W. 

10-84 
4^O0 
7-68 
7^24 

Am.  4  A,  8R.  28  P. 
ExampU  5. 


.r.rro... 

N.  84*''  E. 
N.  86°    E. 
a.  66J°  E. 
8.  841=  W, 
H.  561°  W, 

P„T*«C». 

273 

V28 
2-30 

n-m 

3^20 

„„,..«-. 

""""■■  |-""-| 

1 
2 
8 
4 

S.  21°    W. 
N.  83i°  E. 
N.  12°    E. 

N.47°    W. 

13^41 
6^86 
8-25 
4^34 

Atu.  4  A.  2K.  87  P. 


Aiu.  1  A.  OR.  14P. 


««.0«. 

XARINO.. 

DHTINCE*. 

1 

3 
8 
4 
6 
6 

N.  35°    E. 
S.  66i°E. 
8.  84^    W. 

N.  56°    W. 
8.  294°  W. 
N.  481°  W. 

6-49 
1416 
510 
584 

3-62 
8-78 
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„.m,,.. 

B.^,-^.          ...T«.C«. 

1 

S.  2U''  W. 

17-62 

2 

S.   84°    W. 

1000 

N.66°    W. 

U15 

N.  84°    E. 

9-76 

N.  87'    E. 

230 

S.  23'    B. 

7-03 

N.  181°  E. 

4  4-1 

8.  TBi^E. 

12  41 

«.T.<.«, 

,..«■««,. 

.„«*.«., 

1 

S.  WJ'E. 

4-lt8 

2 

8-56 

8 

S.   141°  W. 

20-6B 

4 

S.  47°    W. 

OCO 

5 

a  57*°  w, 
N.  6b'    W. 

8-lHi 

6 

12  00 

7 

N.84°    E. 

M-QO 

8 

N.  2U°  E. 

17-62 

rcktiovt. 

„..«....        |..„.K.„.| 

1 

8.  57°    E. 

5-77 

2 

S.   864°  W.  ■ 

226 

S.   3»i''  W.  1 

I'OO 

9.  70f  W.  1 

104 

N.  681°  W.  ' 

1-23 

^f.  66°    W.  , 

2ia 

N.  88t°E.   1 

1-05 

N.  561°  W.  1 

1-54 

N.  83*°  E.   , 

8-18 

r.  2  A.  0  R.  82  P. 


.»*.„,... 

BEABIKQI. 

i..«.k™. 

N.   18|°  E. 

1-98 

N.  r    w. 

N.  14°    W. 

N.  74°    E. 

0-86 

S.  481°  E. 

1-B9 

S.  14i°  E. 

I -14 

s  m°E. 

2-15 

1-22 

8.  5°      W. 

1-40 

10 

S.  80°    W. 

1-02 

S.  8li°  W. 

OBH 

12 

N.  33*°  W. 

1-1)8 

BT»- 

B^«,«0. 

■..™™. 

1 

N.  hS"  51'  W. 

691 

2 

N.  68°  44'  W. 

728 

8 

N.  fl»°  35'  W. 

8-34 

4 

N.  77°  BO'  W. 

fi-S4 

6 

N.  31°  24'  E. 

14-38 

« 

N.  31°  18'  E. 

16-81 

7 

S.  08''6B'E. 

18-64 

8 

S.   68°  42'  E. 

11-54 

0 

S.  83°46'W. 

31-55 

1        B«.U.... 

1 

1  N.  72J°  E. 

0K8 

3 

:  H.   £0i°  E. 

0-22 

8 

,  S.  63°    E. 

4 

!n.51°    E. 

2-:ifi 

5 

'N.44°    E. 

1-1(1 

6 

1  N.  26i°  W. 

l!)fi 

1-(1B 

8 

8.   29°    W. 

1-63 

9 

,  N.  71*°  W. 

0-81 

10 

,  N.  18*°  W. 

1-17 

IE 

N. 63°    W. 

1-28 

12 

1        Weat. 

16B 

13 

N.  49°    W. 

0-80 

14 

8.  1»*°  E. 

6-20 

Example  13,     A  farm  ie  described  in  an  old  deed  na  bounded 
thus ;  Beginniog  at  a  pile  of  stones,  and  running  thence  twcntj- 
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eeren  chains  and  seretitj  links  sontheasterl;  sixty-six  and  a  baU 

degrees  to  a  white-oak  stamp  ;  thence  eleven  chains  and  sixteen 

links  northeasterly  twenty 

,         .    „    ,  .  Fia.  188. 

and    a  hall   degrees   to   a  ^ 

hickory-tree  ;  thence  two 
chains  and  thirty-five  links 
northeasterly  thirty-six  de- 
grees to  the  southeasterly 
comer  of  the  homestead  ; 
thence  nineteen  chains  and 
thirty-two  links  northeast- 
erly twenty-six  degrees  to 
a  stone  set  in  the  gronnd  ; 
thence  twenty-eight  chains 
and  eighty  links  northwest- 
erly sixty-six  degrees  to  a 
pine-stnmp ;  thence  thirty- 
three  chains  and  nineteen 

links  southwesterly  twenty-two  degrees  to  the  place  of  beginning, 
containing  ninety-two  acres,  be  the  same  more  or  lees.  Required 
the  exact  content. 


.  Mateheroni'i  ThMrem.     The  turface  of  any  polygon  is 

equal   to  half  the   turn  of  the  products  of  Us 

I.1S4.  sides  {omitting  any  one  side)   taken  two  and 

B  two,  into  the  sines  of  the  angles  which  those 

sides  make  with  each  other. 

Thas,  take  any   polygon,  such  as  the  five- 
sided  one  in   the   figure.      Express  the    angle 
which  the  directions  of  any  two  sides,  as  A  B, 
C  D,  make  with  each  other,  thus  (A  B  A  C  D). 
Then  will  the    content  of  that  polygon  be,  as 
below : 
=  J  [A  B .  B  0 .  sin  { A  B  A  B  C)  +  A  B .  0  D  .  sin  (A  B  A  C  D) 
+  AB.DE.sin(AB  ADE)+BC.CD.8in(BC  aCD) 
+  BC.DE,sit(BC  ADE)  +  CD.DE.8in(CD  A  DE)] 
The  damonstraticn  consists  merely  in  dividing  the  polygon  into 


byGoogIc 


LAND-8UR  VEYIN&. 


trianglea  by  lines  drawn  from  an;  angle  (as  A) ;  then  ezpresBiDg 
the  area  of  each  triangle  by  ball  the  product  of  its  base  and  the 
perpendicular  lot  fall  upon  it  from  the  above-named  angle ;  and 
finally  eepamting  the  perpendicular  into  parts  which  can  each  be 
expressed  by  the  product  of  some  one  Eid^  into  the  sine  of  the 
angle  made  by  it  with  another  side. 
The  sum  of  these  triangles  equals  the 
polygon. 

The  exprcBsions  are  simplified  by 
dividing  the  proposed  polygon  into  two 
parts  by  a  diagonal,  and  computing  the 
area  of  each  part  separately,  making 
the  diagonal  the  side  omitted. 

A  New  Method  ot  oalonliiting 
Areas. 

2fi9.  In  Fig.  185,  let  the  total  lati- 
tudes (Art  346)  of  the  statioas  I,  Z,  3, 
and  4  be  represented  by  Z„  ^  l^  and 
/o  respectively. 
Let  the  departures  of  each  course  separately  be  represented  by 
dt,  dt,  rfj,  and  dt,  respectively. 
The  double  area  of  A  B  23 

=  AB(A2  +  B3) 
=  (h-l,)(d,  +  d,  +  d,) 
=  t^i  +  kdi  +  ltdi~l^i-l^,~l^   [1.1 
Tbe  double  area  of  G  B34 

=  CB(B3  +  C4) 
=  (lz  +  l,){d,  +  d,  +  d,) 
=  '^4  +  hd,  +  ;^,  +  ?,rf,  +  Ud,  +  l^dy      [2.  j 
The  double  area  of  12  A  =  Al  {A2)  =  l^d,.  [3.] 

The  double  area  of  14  C  =  CI  (C4)  =  /,d,.  [4.] 

Now,  the  double  area  of  the  figure  1234  is  eqnal  to  the  sum 
3f  [1]  and  [2]  -  the  sum  of  [3]  and  [4]. 
Combining  and  reducing,  we  have  : 

Double  area  of  1234  =  ^  (d,  +  </,)  -{-  /j  (rf,  +  d,  +  is  —  <j,  — rf 
-d,)  +  h{d,  +  d;). 
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Noting  that  rf,  +  (fa  =  d,  +  (^  we  have, 

Double  area  of  1234  =  ^  (<f,  +  d,)  +  ij  {d,  -  d,)  +  7,  {d^  +  dO- 

Putting  this  in  the  form  of  a  rule,  wo  have  :  Multiply  the  total 
latitude  of  each  station  by  the  algebraic  »um  of  the  departures  of 
the  two  adjacent  courses.  One  half  of  the  algebraic  sum  of  the 
products  will  be  the  area. 

As  an  ozeiciBe  for  the  student,  let  him  And,  b;  the  above 
method,  an  expreaeioD  for  the  area  of  Ggnres  having  Ave  and  six 
aides. 

The  following  example,  worked  out  b;  the  method  of  doable 
longitudes  (on  page  158),  and  below,  b;  the  new  method,  will  show 
the  differenoo  between  the  two  methods  : 


ii 

BUBINM. 

-1 

UTITDDU. 

»...rr».. 

««*L 

CW(t 

■= 

N.+ 

8.- 

B.+ 

w.- 

"■"" 

1 

2 
8 
4 
6 

N.86°    K 
N,  88i°  E. 
a.  57-   E. 
S.  S4i''  W. 
N.  68t=  W. 

2-70 

1-39 
2-22 

s-os 

S'23 

2-31 
•15 

1-78 

121 
203 

1-66 

1-28 
1-86 

200 
2-69 

2-81 

2-30 

116 

-178 

square 

2-83 

814 

-014 

-4-6» 

6-2G48 

7-4104 

-01610 

8-8482 

4*14 

4-14 

4-S9 

439 

2)21-8619 
ohaiiu,      10-9259 

In  computing  the  total  latitudes,  if  the  total  latitude  of  the 
last  station  equals  the  latitude  of  the  last  course  with  sign  changed, 
the  total  latitudes  ma;  be  considered  correct. 

The  station  through  which  the  meridian  of  the  surrey  is  sup- 
posed to  pass,  and  from  which  the  total  latitude  is  reckoned,  will 
have  no  latitude,  and  hence  the  product  of  its  latitude  and  adja- 
cent departures  will  be  zero.  There  will  therefore  be  one  lead 
product  than  there  are  stations. 

Any  station  may  be  taken  as  the  starting-point. 

To  verify  the  area  obtained  in  any  case,  calculate  a  second  time, 
uaiug  a  different  station  as  the  starting-point 

This  method  was  first  published  by  J.  Woodbridge  Davis, 
C.  E.,  Ph.  D.,  in  Van  Nostrand's  "Engineering  Magazine,"  foi 
April,  1879,  where  a  general  discussion  of  the  method  is  given. 
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THE  SECLUTATION  OF  THE  UAONETIC  NEEDLB. 
860.  Deflnitioiu.     The  magnetic  meridian  is  the  direction  indi- 
cated by  the  magnetic  needle.     The  true  meridian  is  a  true  north 
and  south  line,  which,  if  produced,  would  paee  through 
fto,  186.     the  poloa  of  the  earth.     The  declination  of  the  needle  is 
^  the  angle  which  one  of  these  lines  makes  witli  the  other. 

^^  In  the  figure,  if  NS  represent  the  direction  of  the 

true  meridian,  and  N'S'the  direction  of  the  magnetic 
,  meridian  at  any  place,  then  is  the  angle  NAN'  the  decli' 

nation  of  the  needle  at  that  place. 

V  Sei.  SireotioB  of  the  Veedle.    The  directions  of  thcde 

'  I  y  two  meridians  do  not  generally  coincide,  but  the  needle 
in  most  places  points  to  the  east  or  to  the  west  of  the 
true  north,  more  or  less  according  to  the  locality.  Observations 
of  the  amount  and  the  direction  of  this  declination  have  been 
made  in  nearly  all  parts  of  the  world.  In  the  United  States  the 
declination  in  the  Eastern  States  is  westerly,  and  in  the  Western 
States  is  easterly,  as  will  be  given  in  detail,  after  the  methods 
for  determining  the  trae  meridian,  and  consequently  the  declina 
tions,  at  any  place  have  been  explained. 

To  determine  the  Trae  Meridian. 
862.  By  Equal  Shadows  of  the  Bun.     On  the  sonth  side  of  any 
level  surface  erect  an   upright 
staff,  shown  in  horizontal  pro-  ^'^'      ' 

jection  at  8.  Two  or  three 
hours  before  noon,  mark  the 
extremity,  A,  of  its  shadow. 
Describe  an  are  of  a  circle 
with  S,  the  foot  of  the  staff,  for 
center,  and  S  A,  the  distance 
to  the  extremity  of  the  shadow, 
for    radius.      About    as   many 

hours  after  noon  as  it  had  been  before  noon  when  the  first  mart 
was  made,  watch  for  the  moment  when  the  end  of  the  shadow 
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touches  the  arc  at  another  point,  B.  Bisect  tlie  arc  A  B  at  N. 
Draw  S  N,  and  it  will  be  the  true  meridiao,  or  north  and  south 
line  reqnired. 

For  greater  accnracy,  describe  several  arcs  beforehand,  mark 
the  points  in  which  each  of  them  is  touched  by  the  shadow,  bisect 
each,  and  adopt  the  average  of  all.  The  shadow  will  be  heiter  de- 
fined if  a  piece  of  tin  with  a  hole  through  it  be  placed  at  tlie  top 
of  the  staff,  as  a  bright  spot  will  thus  be  substitnted  for  the  less 
definite  shadow.  Nor  need  the  stafE  bo  vertical,  if  from  its  Eummit 
a  plumb-line  he  dropped  to  the  ground,  and  the  point  which  this 
strikes  be  adopted  as  the  center  of  the  arcs. 

This  method  is  a  very  good  approximation,  though  perJEectly 
correct  only  at  the  time  of  the  solatices,  about  June  21st  an^  Do- 
cembor  22d.     It  was  employed  hy  the  Bomans  in  laying  out  jtitios. 

To  get  the  declination,  set  the  compass  at  one  end  of  the  true 
meridian  line  thus  obtained,  sight  to  the  other  end  of  it,  and  take 
the  bearing  as  of  any  ordinary  line.  The  number  of  degrees  in  the 
reading  will  be  the  desired  declination  of  the  needle. 

263.  By  the  Korth  Stat,  wheo  in  the   Meridian.    The  north 
star,  or  pole  star  (called  by  astronomers 
Alpha  Ursw  Minoris,  or  Polaris),  is  not  "*'  '^ 

situated  precisely  at  the  north  pole  of  the  ^ — *"~^v 

heavens.     If  it  were,  the  meridian  could  '' 

be  at  once  determined  by  sighting  to  it, 

or  placing   the  eye  at  some  distance  be-     Bf  *        •     * 

hind  a  plumb-line  so  that  this  line  should  J 

hide  the  star.     But  the  north  star  is  about  ■  ■._^  ,/ 

1^^°  from  the  pole.     Twice  in  twenty-four  '"*' 

hours,  however  (mo(e  precisely,  twenty- 
three  hours  fifty-six  minutes),  it  is  in  the  meridi-in,  being  then 
exactly  above  or  below  the  pole,  as  at  A  and  C  in  the  figure.  To 
know  wbeu  it  is  so,  is  rendered  easy  by  the  aid  of  another  star, 
easily  identified,  which  at  these  times  is  almost  exactly  above  or 
below  the  no:-th  star — i.  e.,  situated  iu  the  same  vertical  plane. 
If,  then,  we  watch  for  the  moment  at  which  a  suspended  plumb- 
line  will  cover  both  these  star.';,  they  will  then  be  in  the  meridian. 
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The  other  star  is  in  the  well-known  constellation  of  the  Great 
Bear,  called  also  the  Plow,  or  the  Dipper,  or  Charles's  Waiu. 
Two  of  its  five  bright  stare 
(the  right-hand  ones  in  Fig. 
189)  are  known  as  the  "  Point- 
ers," from  their  pointing  near 
to  the  north  star,  thus  assist- 
ing in  finding  it.  The  mid- 
dle star  in  the  tail  or  handle 
is  the  star  which  comes  to 
the  meridian  at  the  same 
time  with  the  north  star, 
twice  in  twenty-four  hours,  as 
in  Fig.  18!)  or  1110.  It  is 
known  ae  ilizar,  or  Zela  Ursa 
Majoris* 

To  determine  the  meridian  by  this  method,  suspend  a  long 
plumb-line  from  some  elevated  point,  such  as  a  stick  projecting 
from  the  highest  window  of  a  house  suitably  situated.  Tlie  plumb- 
bob  may  pass  into  a  pail  of  water  to  lessen  its  vibrations.  South 
of  this  set  np  the  compass,  at  such  a  distance  from  the  plumb-line 
that  neither  of  the  stare  will  be  seen  above  its  highest  point — i.  e., 
in  latitudes  of  40°  or  50°,  not  quite  as  far  from  the  plumb-line  as 
it  is  long.  Or,  instead  of  a  compass,  place  a  board  on  two  stakes, 
so  as  to  form  a  sort  of  bench,  running  east  and  west,  and  on  it 
place  one  of  the  compass-sights,  or  anything  having  a  small  boie  in 
it  to  look  through.  As  the  time  approaches  for  the  north  star  to 
be  on  the  meridian  (as  taken  from  the  table  given  below)  place  the 
compass,  or  the  sight,  so  that,  looking  througii  it,  the  plumb-line 
shall  seem  to  cover  or  hide  the  north  star.  As  the  star  moves  one 
way,  move  the  eye  and  sight  the  other  way,  so  as  to  constantly 
keep  the  star  behind  the  plumb-line.  At  last  Mizar,  too,  will  be 
covered  by  the  plumb-line.     At  that  moment  the  eye  and   the 


*  The  north  pole  ia  very  nearly  at  ihc  intersection  of  the  Hne  from  Polaris  1< 
Uinr,  (uid  K  pcrpeodiculv  to  thU  line  from  tbe  email  star  awn  to  the  left  of  it  L 
Fig.  189. 
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plumb-line  are  (approximately)  in  the  meridiaii.  Fasten  down  the 
&iglit  on  the  board  till  morning,  or  with  the  compaBs  take'the  bear- 
ing at  once,  and  the  reading  ia  tlie  decliuation. 

Instead  of  one  plumb-line  and  a  sight,  two  plnmb-lines  may 
be  suspended  at  the  end  of  a  horizontal  rod,  turning  on  the  top 
of  a  pole. 

The  line  thus  obtained  points  to  the  east  of  the  true  line  when 
the  north  Btar  is  above  Mizar,  and  vice  versa.  The  north  star  is 
oxHctly  in  the  meridian  0-85  of  a  minute  after  it  has  been  in  the 
same  vertical  plane  with  Mizar,  and  may  be  sighted  to,  aft«r  that 
interval  of  time,  with  pei-fect  accuracy  for  1895. 

The  interval  between  the  time  when  Mizar  and  Polaris  are  on 
the  same  vertical  circle  and  the  time  when  Polaris  is  on  the  verti- 
cal circle  through  the  north  pole  is  increasing  035  of  a  minute  a 
year,  so  that  in  1900  the  interval  will  be  3-6  minutes. 

Another  bright  star,  which  is  on  the  opposite  side  of  the  pole, 
and  is  known  to  astronomers  as  Delta  Cassiopeia,  also  comes  on 
the  meridian  nearly  at  the  same  time  as  the  north  star,  and  may  be 
used  in  the  same  way  as  Mizar  for  finding  the  true  meridian. 

The  interval  between  the  time  when  Delta  Cassiopeia  and 
Polaris  are  on  the  same  vertical  circle  and  the  time  when  Polaris 
is  on  the  vertical  circle  through  the  north  pole  is  175  minutes  for 
1895,  and  ia  increasing  033  minute  per  year,  so  that  in  1900  the 
interval  will  be  3-4  minutes. 

264.  The  time  *  at  which  the  north  star  passes  the  meridian 
above  and  below  the  pole,  for  the  firat  and  fifteenth  of  each  month, 
is  given  in  the  table  in  Art.  365  in  astronomical  time,  the  time 
being  counted  from  zero  at  noon  to  twenty-four  hours.     The  upper 

*  To  calculate  tbe  time  oC  the  north  star  passing  the  meridian  at  its  upper  cul- 
niEnatJon;  Find  in  the  " American  EpbcmcriB  aiid  \aiitica1  Almanac"  the  right  aBcen- 
aioD  of  Ibe  star,  and  from  it  (iocreased  b;  twentj-four  houra  it  neceasarj  to  render 
the  suhtnctton  posidble)  subtract  the  right  ascoti!>Ion  oF  the  aun  at  tncan  noon,  or 
the  tidereal  time  at  mean  noon,  for  the  given  day,  as  found  in  the  "  epheim^rls  of  the 
aim"  In  the  sanie  almanac.  From  the  remainder  subtract  (he  acceleration  of  aide- 
real  on  mean  time  correti ponding  to  this  rciiminder  (Sm.  G6s.  for  24  bours),  and  the 
new  remainder  Is  the  required  mean  solar  time  of  the  upper  passage  of  the  itar 
ncroBS  the  meridian,  in  "  astronomical  "  reckoning,  tbe  astronomical  day  begiDDing  U 
noon  of  the  common  civil  day  of  the  same  date. 
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transit  ia  the  most  convenient,  since  at  the  other  traoett  Mizar  it 
too  high' to  be  conveniently  observed. 

265.  By  the  Vorth  Star  at  its  Xztresi«  Ebngation.*  When  th 
north  star  is  at  its  greeAesi  apparent  angular  distance  east  or  west 
of  the  pole,  as  at  B  or  D  in  Fig.  188,  it  is  said  to  be  at  its  extreme 
eaatern  or  extreme  western  elongation.  If  it  be  obeer/ed  at  either 
of  these  times,  the  direction  of  the  meridian  can  be  easily  obtained 
from  the  obsertiition.  The  great  advantage  of  this  method  over 
the  preceding  is  that  then  the  star's  motion  apparently  ceases  for 
a  short  time. 

The  north  star,  which  is  now  about  1"  16'  from  the  pole,  was 
13°  distant  from  it  when  its  place  was  first  recorded.  Its  distance 
is  now  diminishing  at  the  rate  of  about  a  third  of  a  minute  in  a 
year,  and  will  continue  to  do  so  till  it  approaches  to  within  half  a 
degree,  when  it  will  again  recede.  The  brightest  star  in  the  north- 
em  hemisphere.  Alpha  Lyra,  will  be  the  pole-star  in  about  twelve 
thousand  years,  being  then  within  about  S"  of  the  pole,  though  now 
more  than  51°  distant  from  it 

The  times  of  the  elongations  of  Polaris  is  given  in  the  following 
table,  compiled  from  information  furnished  by  the  superintendent 
of  the  United  States  Coast  and  Geodetic  Survey. 

The  time  given  in  the  table  is  astronomical  time,  in  which  the 
day  begins  at  noon  and  runs  twenty-four  hours.  The  civil  day 
begins  at  midnight,  and  is  divided  into  two  periods  of  twelve  hours 
each,  designated  as  a.  u.  and  p.  H. 

The  civil  day  begins  twelve  hours  before  the  astronomical  day, 
so  that,  for  example,  June  0th,  10  o'clock  A.  H.,  civil  time,  is  June 
5tb,  twenty-two  hours  astronomical  time,  and  June  6th,  10  o'clock 
p.  u.,  is  June  Cth,  ten  hours  astronomical  time. 

*  To  olculatF  the  llmee  of  Ihe  i^reatcst  elonj^tlon  of  the  north  star :  Ftnd  id  the 
"American  Ephemcris  and  Xautieal  Alnuinac"  its  polar  diataDce  at  the  given  timft 
Add  the  logarithm  of  ils  tan<;i:nt  lo  the  logarithm  of  tbc  tangent  of  the  latitude  of 
the  place,  and  the  aum  will  be  the  lojmrithm  of  the  conine  of  the  hour  angle  before 
or  after  tbe  culmitiatlon.  Reduce  the  space  to  time ;  correct  for  sidereal  aeeeleratiim 
(3m.  SOs.  for  24  huiim)  and  eiiblract  the  result  [rom  the  tine  of  tbe  star's  paasing 
tbe  meridian  on  that  daj,  to  get  tbe  time  of  Ihe  eaitem  elongation,  or  add  it  to  get 
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Date. 

^t.^^'- 

^oRsrr. 

Wratelooga- 

Loireroul- 

Januar    1 

28  40-G 

«  84-7 
9  3&-4 

12  2»-4 
11  84-1 

18  32  6 
17  87-3 

22  S3-4 

4  32-a 
a  37-1 

10  27  0 
9  Bl-8 

16  30-2 
15  84-B 

20  43-0 
10  47-9 

2  41-8 
1  40-7 

8  360 
7  41-4 

14  39-7 
18  44-7 

Iti  40'9 
17  45-9 

0  30-7 
23  40-8 

6  34-4 
5  88-4 

12  87-7 
11  42-7 

18  43-1 
15  48-S 

22  88-0 
21  480 

4  36-6 
8  41-7 

10  39-8 
0  440 

-is::".:::::::::; 

Jane  I 

U  41-Q 
13  4fl-0 

20  38-4 
19  41-6 

2  35-0 
1  40-1 

8  38-3 
7  43-4 

12  440 
n  4»-l 

18  38-9 
17  44- 1 

0  37-5 
23  88-7 

6  40-8 
6  46-0 

-  iS::::: 

10  43  a 
B47-7 

16  3i-6 
15  42-7 

22  33-2 
21  37-3 

4  89-4 
3  44-4 

"is::" 

8  41-1 
7  461 

14  36' 1 
18  41-2 

20  ltO'6 
19  358 

2  37-9 
1  48-0 

October  1 

6  43-4 

5  48-4 

12  38-4 
11  43-4 

18  330 
17  88-0 

0  40-2 
28  41-8 

4  410 

5  48-4 

10  88  6 
0  41-5 

16  81-2 
15  86-0 

^4'33  0~ 
18  87-7 

22  84-4 
21  89-1 

3  43-4 
1  48-1 

8  38-4 
7  48-2 

20  86  2 
19  40-9 

For  any  day  of  the  month  other  than  the  first  aad  fifteenth,  sub- 
tract 3-94  minutes  for  every  day  between  it  and  the  preceding  tubu- 
lar day,  or  add  3*94  minutes  for  every  day  between  it  and  the  euc- 
ceeding  tabular  day.  For  use  at  other  times  and  places  thau  those 
for  which  tiie  table  was  computed,  the  following  corrections  are 


For  any  year  after  1895  add  0-S5  minute  for  each  additional  year. 
This  will  be  correct  for  the  first  year  after  leap  year.  Besides  this 
correction,  for  the  second  year  after  leap  year,  add  0-9  minute ;  for 
the  third  year,  \t  minutes;  for  leap  year  before  March  1st,  add  2-6 
minutes;  and  on  and  after  March  1st,  subtract  1-3  minutes. 


byGoogIc 


170  LAND-SUR  VE7IN6. 

For  other  longitudes  than  six  hours  west  from  Greenwich,  add 
O'ltl  minute  for  each  hour  east,  or  subtract  016  minute  for  each 
hour  west. 

For  other  latitudes  than  40°  north,  add  to  the  time  of  west 
elongation  0-13  minute  for  eveiy  degree  north  of  40°,  and  subtract 
0'13  minute  for  every  degree  south  of  40°, 

When  "standai'd"  time  is  used,  it  should  be  noted  that  local 
time  will  differ  from  standard  time  four  minutes  for  each  degree 
east  or  west  of  the  meridian  of  the  standard  time  used. 

260.  OlMerrationa.  Knowing  from  the  preceding  table  the  hour 
and  minute  of  the  extreme  elongation  on  any  day,  a  little  before 
that  time  suspend  a  plumb-line,  precisely  as  in  Art.  3C3,  and  place 
yourself  south  of  it  as  there  directed.  As  the  north  star  moves 
one  way,  move  your  eye  the  other,  so  that  the  plnmb-Une  shall 
continually  seem  to  coveV  the  star.  At  last  the  star  will  appear 
to  stop  moving  for  a  time  and  then  begin  to  move  backward. 
Fix  the  sight  on  the  board  (or  the  compass,  etc.)  in  the  position 
in  which  it  was  when  the  star  ceased  moving;  for  the  star  was 
then  at  its  extreme  apparent  elongation,  east  or  west,  as  the  case 
may  be. 

The  eastern  elongations  from  October  to  March,  and  the  west* 
ern  elongations  from  April  to  September,  occurring  in  the  daytime, 
they  will  generally  Dot  be  visible  except  with  the  aid  of  a  powerful 
telescope. 

267.  Arimatlu.  The  angle  which  the  line  from  the  eye  to  the 
plumb-line  makes  with  the  true  meridian — i.  e.,  the  angle  between 
the  meridian  plane  and  the  vertical  plane  passing  through  the  eye 
and  the  star — is  called  the  Azimuth  of  the  star.  It  is  given  in  the 
following  table  for  different  liititudcs,  and  for  a  number  of  years 
to  come.  For  the  intermediate  latitudes  it  can  be  obtained  by  a 
simple  proportion.* 

■  To  cslculalc  this  aiimulh :  From  Ihc  logarithm  of  the  Bine  of  tlio  polar  distance 
of  the  iitar,  Bublracl  the  logarithm  of  the  cosine  of  the  IstitiiJc  of  Ihe  place;  the  re- 
mninder  will  be  the  lo^^rithm  of  tlie  sine  of  the  angle  required.  The  polar  diatapce 
can  be  obtained  aa  directed  in  the  lost  note. 
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.  Settliig  0nt  ft  HeridiuL  When  two  points  in  the  direction 
of  the  north  Btar  at  ite  extreme  elongation  hare  been  ob- 
tained, as  in  Art.  366,  the  trae  meridian  can  be  found 
thus  :  Let  A  and  B  be  the  two  points.  Multiply  the 
natural  tangent  of  the  azimuth  given  in  the  table  b;  the 
distance  A  B.  The  product  will  be  the  length  of  a  line 
which  is  to  be  set  off  from  B,  perpendicular  to  A  B,  to 
some  point  C.  A  and  C  will  then  be  points  in  the  true 
meridian.  This  operation  ma;  be  postponed  till  morn- 
ing. 

If  the  directions  of  both  the  extreme  eastern  and  ex- 
treme western  elongations  he  set  oat,  the  line  lying  mid- 
way  between  them  will  be  the  true  meridian. 


269.  Bet«rmining  the  Declination.  The  declination  would,  of 
course,  be  giron  by  taking  the  bearing  of  the  meridian  thus  ob- 
tained, but  it  can  also  be  determined  by  taking  the  bearing  of  the 
star  at  the  time  of  the  extreme  elongation,  and  applying  the  fol- 
lowing rales : 

When  the  azimuth  of  the  star  and  its  magnetic  bearing  are  one 
east  and  the  other  west,  the  sum  of  the  two  is  the  magnetic  decli- 
nation, which  is  of  the  same  name  as  the  azimuth — i.  e.,  east,  if  that 
be  east,  and  west,  if  it  be  west. 

When  the  azimuth  of  the  star  and  its  magnetic  bearing  are  both 
east  or  both  west,  their  difference  is  the  declina- 
tion, which  will  be  of  the  same  name  as  the  a^'-  *^  '**■ 


muth  and  bearing,  if  the  azimuth  be  the  greater     ^  T  ,    • 


of  the  two,  or  of  the  contrary  name  if  the  azi- 
muth be  the  smaller. 

All  these  cases  are  presented  together  in  the 
figure,  in  which  P  is  the  north  pole,  Z  the  place 
of  the  observer,  Z  P  the  true  meridian,  S  the  star 
at  its  greatest  eastern  elongation,  and  ZN,  ZN', 
ZM'  various  supposed  directions  of  the  needle. 

Gall  the  azimath  of  the  star — i.  e.,  the  angle 
PZS— 2°east. 

Suppose  the  needle  to  point  to  N,  and  the 
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bearing  of  the  star — J.  e.,  S  Z  N — to  be  6°  west  of  magnetic  north. 
The  declination  PZN  will  evidently  be  7°  eaat  of  true  north. 

Suppose  the  needle  to  point  to  N',  and  the  bearing  of  the  star 
— i.  e.,  N'  Z  S— to  bo  1}°  east  of  magnetic  north.  The  declination 
will  be  {"  east  of  trne  north,  and  of  the  same  name  as  the  ozimnth, 
because  that  is  greater  than  the  bearing. 

Suppose  the  needle  to  point  to  N',  and  the  bearing  of  the  star 
— i.  e.,  S'ZS — to  bo  10°  east  of  magnetic  north.  The  declination 
will  be  8°  west  of  true  north,  of  the  contrary  name  to  the  azimuth, 
because  that  is  the  smaller  of  the  two.* 

If  the  star  wei-c  on  the  other  side  of  the  pole,  the  rulee  would 
apply  likewise. 

370.  Other  Method!.  Many  other  methods  of  determining  the 
true  meridian  are  employed  ;  snch  as  by  equal  altitudes  and  azi< 
mutbs  of  the  sun,  or  of  a  star ;  by  one  azimuth,  knowing  the 
time ;  by  obserrstions  of  circumpolar  stars  at  equal  times  before 
and  after  their  culmination,  or  before  and  after  their  greatest  elon- 
gation, etc. 

All  these  methods,  however,  require  some  degree  of  astronomi- 
cal knowledge;  and  those  which  have  been  explained  are  abun- 
dantly suiBcient  for  all  the  purposes  of  the  ordinary  laod-surreyor. 

"  Burt's  Solar  Compass "  is  an  instrument  by  which,  "  when 
adjusted  for  the  sun's  declination  and  the  latitude  of  the  place,  the 
azimuth  of  any  line  from  the  true  north  and  south  can  be  read  off, 
and  the  difference  between  it  and  the  bearing  by  the  compass  will 
then  be  the  variation."     (See  Arts.  463  to  483.) 

871.  Magnetic  Declination  in  the  United  States.  The  declina- 
tion in  any  part  of  the  United  States  can  be  approximately  ob- 
tained by  mere  inspection  of  tlie  map  at  the  beginning  of  this 
volume,  f  Throngh  all  the  places  at  which  the  needle,  in  1890, 
pointed  to  the  true  north,  a  lino  is  drawn  on  the  map,  and  called 

*  AlgGhraimlty,  alnnfB  subtract  the  benring  from  llic  nzimutb,  and  give  the  re- 
mender  iu  proper  resulting  algebraic  sign.  It  vill  be  Ibe  decUnation :  eait  i(  plat, 
and  weat  if  wtiii».  Thus,  In  the  first  case  above,  the  declinalioD  =  +  2"  —  (—  '-°y 
:=  +  7"=  T°  eaat.  In  the  aecoml  case,  tlic  declinntion  =  +  2°  — (+  IJ")  =  +  1'='*° 
east     In  the  third  cane,  the  cieclination  =  +  2°  —  <  +  10°)  =  —  8'  =  8°  west. 

f  Copied  from  "Uoiti.'d  Scutes  Coast  and  Gevdelic  Survcr  Report,"  18S9. 
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the  line  of  no  declination.  It  will  be  seen  to  pass  a  little  east  of 
Charieston,  South  Carolina,  thence  in  a  northwesterly  direction, 
passing  near  Columbus,  Ohio,  through  the  west  end  of  Lake  Erie, 
passing  ae^r  Lansing,  Michigan,  and  up  through  the  east  end  of 
Lake  Superior.     This  line  is  now  slowly  moving  westward. 

At  all  places  situated  to  the  east  of  thia  line  (including  the 
New  England  States,  New  York,  New  Jersey,  Delaware,  Mary- 
land, PennsylTania,  most  of  Virginia,  and  the  oaat  half  of  North 
Carolina  and  Ohio)  the  declination  is  westerly — i.  e.,  the  north  end 
of  the  needle  points  to  the  west  of  the  true  north.  At  all  places 
situated  to  the  west  of  this  line  (including  the  Western  and  South- 
ern States)  the  declination  is  easterly — i.  e.,  the  north  end  of  the 
needle  points  to  the  cast  of  the  true  north.  This  declination  in- 
sreases  in  proportion  to  the  distance  of  the  place  on  either  side  of 
the  line  of  no  Tariation,  reaching  23°  of  easterly  declination  in 
Washington  Territory,  and  21°  of  westerly  declination  in  Maine. 

Isogenics,  or  lines  of  equal  declination,  ore  lines  drawn  throngh 
all  the  places  which  hare  the  same  declination.  On  the  map  they 
are  drawn  for  each  degree.  All  the  places  situated  on  the  line 
marked  6',  east  or  west,  have  5°  declination  ;  those  on  the  10°  line 
have  10°  declination,  etc.  The  declination  at  the  intermediate 
places  can  be  approximately  estimated  by  the  eye.  These  lines  all 
refer  to  1885. 

The  sign  -f-  indicates  west  declination,  and  the  sign  —  indi- 
aates  east  declination.  The  annaal  change  in  the  secular  variation 
for  stations  is  given  in  minutes  and  decimals,  a  +  indicating  in- 
creasing vest  declination  or  decreasing  east  declination,  and  a  — 
sign  indicating  increasing  east  and  decreasing  west  declination. 

272.  To  oarreet  Xagnetio  Bearincra.  The  declination  st  any 
place  and  time  being  known,  the  magnetic  bearings  taken  there 
and  then  may  be  reduced  to  their  true  bearings  by  these  rales  : 

ECLE  1.  WTten  the  declination  is  west,  as  it  is  in  the  North- 
eastern States,  the  tme  bearing  will  be  the  sum  of  the  declination, 
and  a  bearing  which  is  north  and  west,  or  south  and  east ;  and  the 
difference  of  the  declination  and  a  bearing  which  is  north  and 
east,  or  south  and  west.     To  apply  this  to  the  cardinal  points,  a 
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north  bearing  must  be  called  N.  0°  Vie.  les. 

west,  an  eaat  bearing  N.  90°  R,  a 

south  bearing  S.  0°  E.,  and  a  west 

bearing  8.  90°  W.  ;   counting  around 

from  N'  to  N,  in  the  figure,  and  bo 

onward,  "  with  the  ran." 

The  reasons  for  these  correctious 
are    apparent    from    the    figure,    in 
which   the   dotted   lines  and  the  ac- 
cented letters  represent  the  direction  ^     '^ 
of  the  needle,  and  the  full  lines  and  the  unaccented  letters  repre- 
sent the  tme  north  and  south  and  east  and  west  lines. 

When  the  sum  of  the  declination  and  the  bearing  is  directed  to 
be  taken,  and  comes  to  more  than  90°,  the  supplement  of  the  sum 
is  to  be  tbkeu,  and  the  first  letter  changed.  When  the  difference 
is  directed  to  be  taken,  and  the  declination  is  greater  than  the 
bearing,  the  last  letter  must  be  changed.  A  diagram  of  the  case 
will  remove  all  donbts.  Examples  of  all  these  caaes  are  given  be- 
low for  a  declination  of  8°  west: 


x 

\ 

, 

\ 

I 

MAQMBTIC 

TRIIB 

TSUI 

■UBIN09. 

BIABOKM. 

North. 

N.    8°  W. 

8.        8°K 

K    1"E. 

N.  rw. 

8.     2°  W. 

8.     6»K 

N.  40°  E. 

N.  32°  E. 

S.  80°  W. 

8.  62°  W. 

East. 

N.  63°  E. 

WMt 

8.   82"  W. 

8.  60°  E. 

S.  68°  E. 

N.  70°  W. 

N.  78°  W. 

8.  89°  E. 

N.  88=  E. 

N.  83°  W. 

8.  89°  W. 

'■.i 


ill 


Rule  2.  When  lh«  declination  is 
eaat,  as  in  the  Western  and  Southern 
States,  the  preceding  directions  mnst 
be  exactly  reversed  — i.  e.,  the  true 
bearing  will  be  the  difference  of  the 
declination,  and  a  bearing  which  is 
north  and  west  or  sonth  and  east; 
and  the  sum  of  the  declination  and  a 
bearing  which  is  north  and  east  or 
sonth   and  west.      A    north    bearing 
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moBt  he,  called  N.  0°  E.,  a  vest  bearing  N.  90°  W.,  a  sontli  bear- 
ing  S.  0°  W.,  and  an  east  bearing  S,  90°  E.,  counting  from  N' 
to  If,  and  so  onward,  "  against  the  sun."  The  reasons  for  these 
rales  are  seen  in  the  figure.  Examples  are  given  below  for  4 
declination  of  5°  E. : 


THUE 

■laim'io 

T1HJ» 

EBARIBO*. 

BBiBtNOl. 

North. 

N.    S-E. 

Soath. 

8.     O^W. 

N.  40°  E. 

N.  «°  E. 

S.  (WW. 

8.  65°  W. 

N.  80°  E. 

N.  86°  E. 

S.  8T°  W. 

N.  88'  W. 

Eaflt 

S.  8B°  E. 

j        WeflL 

N.  86°  W. 

8.     1°  E. 

8.     4°W. 

N.  70°  W. 

N.  66°  W. 

S.  60° E. 

S.  46°  E. 

N.    2°  W. 

N.    8°E 

873.  To  lurrey  a  Line  with  True  Beaiingt.  The  Compass 
may  be  set,  or  adjusted,  by  means  of  the  vernier,  according  to  the 
declination  in  any  place,  so  that  the  bearings  of  any  lines  then 
taken  with  it  will  be  their  true  bearings.  To  effect  this,  turn 
aside  the  compass-plate  by  means  of  the  tangent-screw  which 
moTes  the  vernier  a  number  of  degrees  equal  to  the  declination, 
moving  the  south  end  of  the  compass-box  to  the  right  (the  north 
end  being  supposed  to  go  ahead)  if  the  declination  be  westerly, 
and  vice  versa;  for  that  moves  tiie  north  end  of  the  compass-box 
in  the  contrary  direction,  and  thus  makes  a  line  which  before  was 
N.  by  the  needle,  now  read,  as  it  should  truly,  north,  so  many 
degrees  west  if  the  declination  was  west ;  and  similarly  in  the 
reverse  case. 


Variatious  ot  Magnetic  DecUnatioa. 

274.  The  variations  of  the  declination  are  of  more  practical 
importance  than  its  absolute  amount  The  four  kinds  of  most 
importance  are:  Irregular,  diurnal,  annual,  and  secular. 


276.  Irregular  Variation.      The   needle  is  subject  to  1 
and  violent  changes,  which  have  no  known  law.     They  arc  some- 
times   coincident   with   a   thunder-storm,  or   an   aurora   borealis 
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(during  which  chsngeB  of  nearly  1°  in  one  minute,  2^°  in  eight 
minutea,  and  10°  in  one  night,  have  been  obBerved),  but  often 
have  no  apparent  cause,  except  an  otherwise  inTiBible  "mag- 
netic 8t«nn." 

276.  The  Diomil  Variation.  On  continning  obseryationB  of 
the  direction  of  the  needle  througboat  an  entire  day,  it  will  be 
found,  in  the  uortbern  hemisphere,  that  the  north  end  of  the 
needle  moves  westward  from  about  8  a.  u.  till  about  1^  p.  a., 
over  an  are  of  from  5'  to  16',  and  then  gradually  returns  to  its 
former  position.  A  similar  but  smaller  movement  takes  place 
during  the  night  At  Philadelphia,  the  most  easterly  deflection 
of  the  needle  is  at  about  8  a.  h.  The  north  end  of  the  needle' 
then  Iwgins  to  move  toward  the  west,  crossing  the  me:in  mag- 
netic meridian  about  10^  A.  m.,  and  reaching  its  extreme  west- 
ern 2>osition  about  1^  F.  u.  The  total  angular  range  averages 
about  8',  being  lOj-'  in  August,  and  6'  in  November.*  The 
period  of  this  change  being  a  day,  it  is  called  the  Diurnal  Vari- 
alion.  Its  effect  on  the  permanent  variation  is  necessarily  to 
cause  it,  in  places  where  it  is  west,  to  attain  its  maximum  at 
about  H  P.  11.,  and  its  minimum  at  about  8  a.  h.  ;  and  the 
reverse  where  the  declination  is  east. 

This  dinmal  variation  adds  a  now  element  to  the  inaccnracies 
of  the  compass,  since  the  bearings  of  any  line  taken  on  the  same 
day,  at  a  few  hours'  interval,  might  vary  a  quarter  of  a  degree, 
which  would  cause  a  deviation  of  the  end  of  the  line,  amounting  to 
nearly  half  a  link  at  the  end  of  a  chain,  and  to  39  links,  or  33  feet, 
at  the  end  of  a  mile.  The  hour  of  the  day  at  which  any  important 
bearing  is  taken  should  therefore  be  noted. 

877.  The  Aimnal  Variation.  If  the  observations  be  oontinaed 
throughout  an  entire  year,  it  will  be  found  that  the  diurnal  changes 
vary  with  the  seasons,  being  greater  in  summer  than  in  winter. 
The  period  of  this  variation  being  a  year,  it  is  called  the  Annual 
Variation. 

*  For  table  of  boarly  variation  of  the  decliaatioi),  see  "Report  of  TTDiUtl  Stiitci 
Cowt  and  Geodetic  Bune;,"  1SS8, 
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278.  Th«  Seonlar  Variation.  When  accurate  obserratioiu 
on  the  declination  of  the  needle  in  the  same  place  are  con- 
tinued for  Beveial  years,  it  is  toand  that  there  is  a  continn&l 
and  tolerably  regular  increase  or  decrease  of  the  declination, 
continuing  to  proceed  in  the  same  direction  for  so  long  a 
period,  that  it  may  he  called  the  Secular  Variation  of  the  decli- 
oation . 

The  moat  ancient  obserYatiooe  are  those  taken  in  Paris.  In  the 
year  1541  the  needle  pointed  7°  east  of  north  ;  in  1580  the  declina- 
tion had  increased  to  11^°  east,  being  its  nmiimnm ;  the  needle 
then  began  to  move  vestward,  and  in  1666  it  had  returned  to  the 
meridian  ;  the  declination  then  became  west,  and  continued  to  in- 
crease till- in  1814  it  attained  its  maximam,  being  22"  34'  weet  of 
north.  It  is  now  decreaeing.  January  1, 1879,  it  was  16°  56'  west, 
and  it  is  now  about  15°  west. 

In  this  coantry  the  north  end  of  the  needle  was  moving  east- 
ward at  the  earliest  recorded  observations,  and  continned  to  do  so 
till  about  the  year  1810  (variously  recorded  as  from  1766  to  1819), 
when  it  began  to  move  westward,  which  it  has  ever  since  contin- 
ued to  do.  Thus,  in  Boston,  from  1700  to  1800,  the  declination 
changed  from  10°  west  to  7°  west,  and,  from  1800  to  1895,  it 
changed  from  7"  west  to  13"  west. 

In  Philadelphia,  from  1701  to  1803,  the  declination  changed 
from  8°  30'  west  to  2°  west,  and,  from  1803  to  1890,  it  changed 
from  2°  west  to  7'  west. 

For  extensive  tables  of  the  declination  of  the  needle,  in  varions 
parts  of  the  United  States,  see  "Report  of  the  United  States 
Coast  and  Geodetic  Survey,"  1888,  Appendix  VII.  The  secular 
variation  is  noted  on  the  declination-map  in  this  volume. 

An  examination  of  the  above-mentioned  tables  will  show  that 
the  secular  variation  often  differs  greatly  in  places  not  far  ai>art, 
and  that  it  varies  in  amount  at  the  same  place  from  year  to 
year. 

S78'.  Minor  Tarlationi  in  Declination.  There  are  some  minor 
variations  in  the  declination  of  tho  needle  which  depend  upon  the 
position  of  the  moon  and  its  phases;  upon  the  revolution  of  the 
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flun  on  ito  axU;  and  upon  the  sun-epot  cycle.  Those  Tariationa 
however,  need  not  be  taken  into  consideration  for  coniiiaBs  Borvej- 
ing.  For  a  diBCUBsion  of  these,  see  Coast  and  Geodetic  Survey 
Report,  1890,  Appendix  IX. 

Those  who  desire  to  investigate  the  variations  of  tlie  magnetic 
ncodlo,  and,  in  general,  tlie  phenomena  of  terrestrial  niagnetiBm, 
will  find  a  description  of  the  instruments  used  and  the  methods 
(■niployed  iti  the  Coast  and  Geodetic  Survey  Report  for  1881,  Ap- 
pendix VIII. 
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27d.  Determinatioa  of  the  Change,  by  InterpoUtion.  To  de- 
termine the  change  at  any  place  and  for  any  interval  not  found  in 
the  recorded  observations,  an  approximation,  sufiScient  for  most 
purposes  of  the  surveyor,  may  be  obtained  by  interpolation  (by  a 
Bimple  proportion)  between  the  places  given  on  the  map,  assuming 
the  movements  to  have  been  uniform  between  the  given  dates,  and 
also  assuming  the  change  at  any  place  not  found  on  the  map  to  . 
have  been  intermediate  between  those  of  the  lines  of  equal  varia- 
tion, which  pass  through  the  places  of  recorded  observations  on 
each  side  of  it,  and  to  have  been  in  the  ratio  of  its  respective  dis- 
tances from  those  two  lines  ;  for  example,  taking  their  arithmetical 
mean,  if  the  required  place  is  midway  between  them  ;  if  it  be  twice 
as  near  one  as  the  other,  dividing  the  sum  of  twice  the  change  of 
the  nearest  line,  and  once  the  change  of  the  other,  by  three ; 
and  so  in  other  cases — i.  e.,  giving  the  change  at  each  place,  a 
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"veight"  inversely  as  its  diBtaaoe  from  the  place  at  which  thfl 
change  ia  to  be  fonnd. 

280.  Setennuiation  of  the  Cbange  by  Old  Iiinefl.  When  the 
former  bearing  of  any  old  lice,  such  as  a  farm-fence,  etc.,  is  re- 
corded, the  change  in  the  doclinatioD  from  the  date  of  the  original 
observation  to  the  present  time  can  be  at  once  found  by  setting  the 
oompasa  at  one  end  of  the  line  and  sighting  to  the  other.  The 
difference  of  the  two  bearings  is  the  required  cbange. 

If  one  end  of  the  old  line  can  not  be  seen  from  the  other,  as  is 
often  the  case  when  the  line  is  fixed  only  by  a  "  coruei* "  at  each 
end  of  it,  proceed  thos  :  Run  a  line  from  one  comer  with  the  old 
bearing  and  with  its  distance.  Measure  the  distance  from  the  end 
of  this  line  to  the  other  corner,  to  which  it  will  be  opposite.  Mul- 
tiply this  distance  by  57'3,  and  divide  by  the  length  of  the  line. 
The  quotient  will  be  the  change  of  variation  in  degreos.* 

■  For  example,  a  line  63  chains  long,  in  1821'  bad  a  bearing  of 
north  1°  east.  In  1847  a  trial  line  was  run  from  one  end  of  the 
former  line  with  the  same  bearing  and  distance,  and  its  other  end 
was  found  to  be  135  links  to  the  weat  of  the  true  comer.     The 

change  of  declination  was  therefore  .^- — -  =  1  'IZT  =  1°  8' 

westerly. 

281.  Effects  of  the  Seonlar  Change.  These  are  exceedingly  im- 
portant in  the  resurvey  of  farms  by  the  bearings  recorded  in  old 
deeds.  Let  S  X  denote  the  direction  of  the  needle  at  the  time  of 
the  original  survey,  and  S'N'  its  direction  at  the  time  of  the  rc' 
survey,  a  number  of  years  later.     Suppose  the  change  to  have  been 

"Let  A  B  be   the  original  line;   AC  the  trial 
flo-  19"  line,  and  B  C  the  distance  between  their  eitremi^es. 

/  A  B  and  A  C  may  be  r^arded  aa  ladii  of  a  circle 

and  B  C  aa  a  chord  of  tbe  arc  whidi  subtenda  thdr 
angle.  Asauminf;  the  chord  and  arc  to  coincide 
(irhidi  the;  will,  nearly,  for  small  anglen),  we  have 
this  proportion  r  Whole  circumference:  arc  BO  j: 
SaO°  :BAC:or,  SxACx  31416:  BOj  860'; 

BAO,  wh«»oeBAC=?-^  x  67  3;  or,  mote  prcciaely,  67  iBO're. 


byGoogIc 


TBB  DECLISATION  OF  TBE  lUQNETIC  NEEDLE.    181 

8",  the  needle  pointing  bo  mticli  Fm  1B6 

farther    to    the  west    of   north. 

The  line  S  N,  which  hefore  was 

due  north  and  sonth  by  the  nee- 
dle, will  now  bear  N.  3°  E.  and 

S.  3°  W.  ;   the  line  A  B,  which 

before  was  N.   40°  E.  wiU  now 

bear  N.   43°  E.  ;   the  line  D  F, 

which  before  was  N.  40°  W.,  will 

now  bear  N.  37°  W.,  and  the  line 

WE,  which  before  was  due  east 

and  west,  will  now  bear  S.  87°  E. 

and  H.  87°  W.     Any  line  is  sim- 
ilarly changed.     The  proof  of  this  is  apparent  on  inapecting  the 

figure. 

Suppose,  now,  that  a  Burveyor,  ignorant  or  neglectful  of  this 

change,  should  attempt  to  rnn  out  a  farm  by  the  old  bearings  of 

the  deed,  none  of  the  old  fences  or  corners  remaining.  The  full 
lines  in  the  figure  represent  the 
original  bounds  of  the  farm,  and 
tlie  dotted  lines  those  of  the  new 
piece  of  land  whioli,  starting  from 
A,  he  would  unwittingly  run  out. 
It  would  be  of  the  same  size  and 
the  same  shape  as  the  true  one, 
but  it  would  be  In  the  wrong  place. 
None  of  its  lines  would  agree  with 
the  true  ones,  and  in  some  places 
it  would  encroach  on  one  neighbor, 
and  in  other  places  would  leave  a 
gore,  which  belongs  to  it,  between  it- 
self and  another  neighbor.  Yet  this 
ia  often  done,  and  is  the  source  of  a 

great  part  of  the  litigation  among  fanners  respecting  their  "  lines." 

S82.  To  run  out  Old  Linei,     To  succeed  in  retracing  old  lines, 
proper  allowance  must  be  made  for  the  change  in  the  Tnriation 
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since  the  date  of  the  original  survey.  That  date  most  first  be  atv 
cnrately  ascertained  ;  for  the  Biirvey  may  be  much  older  than  the 
deed,  into  which  its  beariugs  may  have  been  copied  from  an  older 
one.  The  amount  and  direction  of  the  change  is  then  to  be  aecer- 
tailed  by  the  methods  of  Art.  379  or  S80.  The  bearings  may  then 
be  corrected  by  the  following  Rules  : 

When  the  north  end  of  the  needle  has  been  moving  westerly, 
the  present  bearings  will  be  the  sunu  of  the  change  and  the  old 
bearings  which  wera  northeasterly  or  southwesterly,  and  the  differ- 
encea  of  the  change  and  the  old  bearings  which  were  northwesterly 
or  sontheoBterly. 

If  the  change  has  been  easterly,  reverse  the  preceding  rules, 
subtracting  where  it  )B  directed  to  add,  and  adding  where  it  is 
directed  to  subtract. 

Bon  out  the  lines  with  the  bearings  thus  corrected. 

It  will  be  noticed  that  the  process  is  precisely  the  reverse  of 
that  in  Art.  273.  The  rules,  there  given  in  more  detail,  may  there- 
fore  be  used  :  Bule  1.  "  When  the  declination  is  west,"  being  em- 
ployed when  the  change  has  been  a  movement  of  the  N.  end  of  the 
needle  to  the  eaet ;  and  Bute  3,  "when  the  declination  is  east," 
being  employed  when  the  N.  end  of  the  needle  has  been  moving  to 
the  west. 

If  the  compass  has  a  vernier,  it  can  bo  set  for  the  change,  once 
for  all,  precisely  as  directed  in  Art.  273,  and  then  the  courses  can 
be  run  ont  as  given  in  the  deed,  the  correction  being  made  by  the 
instrument. 

Example,  The  following  is  a  remarkable  case  which  came  be- 
fore the  Supreme  Court  of  New  York  :  The  north  line  of  a  large 
estate  was  fixed  by  a  royal  grant,  dated  in  1704,  as  a  due  east  and 
west  line.  It  was  run  out  in  1715,  by  a  surveyor,  whom  we  will 
call  Mr.  A.  It  was  again  surveyed  in  1705,  by  Mr.  B.,  who  ran  a 
course  N.  87°  30'  E.  It  was  run  out  for  a  third  time  in  1789,  by 
Mr,  C,  who  adopted  the  course  N.  86"  18'  E.  In  1845  it  was  sup 
veyed  for  the  fourth  time  by  Mr.  D.,  with  a  course  of  N.  SS'SO'E. 
He  found  old  "  corners,"  and  "  blazes  "  of  a  former  survey,  on  his 
line.     They  are  also  found  on  another  line,  south  of  his.    Which 
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of  the  preceding  courees  vera  correct,  aDd  vhere  does  the  true 
line  lie  ? 

The  qaestton  was  investigated  as  follows :  There  were  no  old 
reoords  of  variation  at  the  precise  locality,  bat  it  lies  between  the 
lines  uf  equal  variation  which  pass  through  New  York  and  Boston, 
its  distance  from  the  Boston  line  being  about  twice,  its  distance 
from  the  New  York  line.  The  records  of  those  two  cities  (re- 
ferred to  in  Art.  878)  could  therefore  be  used  in  the  manner  ex- 
plained in  Art.  279.  For  the  later  dates,  obsen'ations  at  New 
Haven  could  serve  as  a  check.  Combining  all  these,  the  author 
.  inferred  the  variatioa  at  the  desired  place  to  have  been  as  fol- 
lows : 

In  1715,  variation  8°  02'  west. 

In  1765.        "       5°  32'    "  Decrease  since  1715, 2°  30'. 

In  1789,        "        5°  06'     "  Decrease  since  1765,  0°  %t'. 

In  1846,         "        7°  23'     "  Increase  since  1789,  2°  18'. 

We  are  now  prepared  to  examine  the  corroctnesa  of  the  allowancea 
made  by  the  old  enrveyors. 

The  course  run  by  Mr.  B.  in  1765,  N.  87"  30'  E.,  made  an 
allowance  of  2°  30'  as  the  decreaae  of  variation,  agreeing  precisely 
with  our  calculation.  The  course  of  Mr.  C.  in  1789,  N.  86°  18'  K, 
allowed  a  change  of  1°  12',  which  was  wrong  by  our  calculation, 
which  gives  only  about  37',  and  was  deduced  from  three  different 
records.  Mr.  D.,  in  1845,  ran  a  course  of  N.  88°  30'  E.,  calling 
the  increase  of  variation  since  1789,  2°  12'.  Onr  estimate  was  2° 
18',  the  difference  being  comparatively  small.  Our  conclusion, 
then,  is  this :  The  second  surveyor  retraced  correctly  the  line  of 
the  Bret ;  the  third  surveyor  ran  out  a  new  and  incorrect  line ; 
and  the  fonrth  surveyor  correctly  retraced  the  line  of  the  third, 
and  found  his  marks,  but  this  line  was  wrong  originally,  and 
therefore  wrong  now.  All  the  surveyors  ran  their  lines  on  the 
supposition  that  the  original  "due  east  and  west  line"  meant 
east  and  west  as  the  needle  pointed  at  the  time  of  the  original 
survey. 

The  preponderance  of  the  testimony  as  to  old  landmarks  agreed 
with  the  results  of  the  above  rcu^soning,  and  the  decision  of  the 
court  was  in  accordance  therewith. 
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In  the   figure  below,  the  horizoDtal  and    Tertical  lineA 

,     represent  true  east  and  north  lines  ;  and  the  two  upper  lines 

rnnmng  from  left  to  right  represent  the  two  lines  set  oat  by 

the     enrrey- 

^S^^^-^^m^^Z^^      org,   and    in 

;  Bi«»  the        yesTB 

there  named. 


283.  Remedy  txa  the  XvUi  of  the  Seoolar  Change.  The  only 
complete  remedy  for  the  dispates,  and  the  uncertainty  of  bounds, 
resulting  from  the  continned  change  in  the  declination,  is  this : 
Let  a  meridian — i.  e.,  a  tme  north  and  south  line — be  established 
in  every  town  or  county,  by  the  authority  of  the  State  ;  monu- 
ments, such  as  stones,  set  deep  in  the  ground,  being  placed  at  each 
end  of  it.  Let  every  surveyor  be  obliged  by  law  to  test  his  Com- 
paq by  this  line,  at  least  once  in  each  year,  at  a  given  hour  in  the 
day.  This  ho  could  do  as  easily  as  in  taking  the  bearing  of  a  fence, 
by  setting  his  instrnment  on  one  monument,  and  sighting  to  a  staS 
held  on  the  other.  Let  the  variation  thus  ascertained  be  inserted 
in  the  notes  of  the  enrvey,  and  recorded  in  the  deed.  Anotlier 
surveyor,  years  or  centuries  afterward,  could  test  his  compass  by 
taking  the  bearing  of  the  same  monuments,  and  the  difference  be- 
tween this  and  the  former  bearing  woald  be  the  change  of  decli- 
nation. ITo  could  thus  determine  with  entire  certainty  the  proper 
allowance  to  be  made  (as  in  Art.  S83)  in  order  to  retrace  the  origi- 
nal line,  no  matter  how  much,  or  how  irregularly,  the  declination 
may  have  changed,  or  how  badly  adjusted  was  the  compass  of  the 
original  survey.  Any  permanent  line  employed  in  the  same  man- 
ner as  the  meridian  lino  would  answer  the  same  pnrpose,  though 
less  conveniently,  and  every  surveyor  should  have  such  a  line,  at 
least  for  his  own  use.* 

*  This  remedj  secrnn  to  have  been  first  suggesied  b^  Rlttcntiouse.  It  haa  aince 
bevn  recommended  br  T.  Sopvith,  in  1822 ;  bj  E.  F.  JohnMn,  In  IBSl,  and  by  W. 
Roberts,  of  Tior.in  1839.  The  errornof  reanrioyB,  in  which  the  change  is  neglected, 
were  noticed  in  the  "  Philosophical  Transiaciinn-s"  >"<  long  af^  as  1679.  On  maguetio 
declination,  see  the  following  "  ReporiH  of  tlie  United  States  Coast  and  Oeodetie  Sa^ 
TBj":   1881,  1882,  188«,  and  l«Bu, 
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S84.  The  Transit  is  a  Goniometer,  or  Angle-Measurer.  It 
consists,  essentially,  of  a  circular  plate  ol  metal,  supported  in  such 
a  manner  as  to  be  horizontal,  and  divided  on  its  outer  circnrofer- 
ence  into  degrees  and  parts  of  degrees,  Tbrongh  the  center  of 
this  plat«  passes  an  upright  axis,  and  on  it  is  fixed  a  second  circu- 
lar plate,  which  nearly  touches  the  first  plate,  and  can  turn  freely 
around  to  the  right  and  to  the  left.  This  second  plate  carries  a 
telescope,  which  rests  on  upright  standards  firmly  fixed  to  the 
plate,  and  which  can  be  pointed  upward  and  downward.  By  the 
combination  of  this  motion  and  that  of  the  second  plate  around 
its  axis,  the  telescope  can  he  directed  to  any  object.  The  second 
plate  has  some  mark  on  its  edge,  such  as  an  arrow-head,  which 
serves  as  a  pointer  or  index  for  the  divided  circle,  like  the  hand  of 
a  clock.  When  the  telescojie  is  directed  to  one  object,  and  then 
turned  to  the  right  or  to  the  left,  to  some  other  ohjoct,  this  index 
which  moves  with  it,  and  passes  around  the  divided  edge  of  the 
other  plate,  points  out  the  arc  passed  over  by  this  change  of  direc- 
tion, and  thus  measures  the  horizontal  angle  made  by  the  lines 
imagined  to  pass  from  the  center  of  the  instrament  to  the  two 
objects. 

The  great  valne  of  this  instrument,  and  the  accaracy  of  its 
measurements  of  angles,  are  due  chiefly  to  two  things  :  te  the  telt' 
scope  with  its  cross-hairs,  by  which  great  precision  in  sighting  to  a 
point  is  obtained  ;  and  to  the  vernier  scale,  which  enables  mmnte 
portions  of  any  arc  to  be  read  with   ease  and  correctness.     The 
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former  asBists  the  eye  in  directing  the  line  of  eight,  and  the  latter 
aids  it  in  reading  off  the  results.     ArrangementB  for  giring  slow 


gr.d  ettady  motion  to  the  movable  parts  of  the  instrument  add  to 
the  Talue  of  the  above.     A  contrivance  for  repeating  the  observa- 
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tion  of  angles  still  farther  lessens  the  nnaToidable  iaaccuracies  of 
these  obgervatioiis. 

286.  The  SnmTor'i  Traiuit  (Fig.  199).  In  this  instrnment 
the  telescope  takes  the  place  of  the  plain  sights  of  the  surveyor'a 
compass,  and  the  angles  are  read  on  the  gradnated  limb  to  single 
minatea  by  the  vernier, 

A  level  is  attached  to  the  telescope,  and  a  vertical  circle  is 
attached  to  the  telescope-axis  inside  of  the  left-hand  standard. 
The  vertical  angles  through  which  the  telescope  is  moved  may  be 
read  oft  from  the  vernier  attached  to  the  left-hand  standard,  and 
shown  below  the  vertical  circle.  The  slow-motion  screw  for  the 
vertical  circle  is  shown  attached  to  the  right-hand  standard.  The 
clamp  for  the  axis  is  hidden  by  the  telescope.  The  standards  npon 
which  the  telescope-axis  rests  are  fastened  to  the  upper  plate  (the 
vernier-plate).  This  plate  also  carries  the  corapasE-circle.  The 
compass-circle  with  its  accessories  is  similar  to  that  already  ex- 
plained in  the  Surveyor's  Compass.  The  compasa-circlo  can  be 
turned  on  ite  center,  so  that  the  declination  of  the  needle  can  be 
sot  off,  and  lines  can  be  run  with  their  true  bearings.  The  vernier- 
plate  covers  the  lower  plate  (the  divided  limb),  so  that  only  two 
short  arcs  of  the  divided  limb  are  seen  through  openings  where  the 
verniers  are  placed.  The  screw  which  clamps  the  vernier-plate  to 
the  divided  limb  is  shovn  on  the  right  of  the  plate,  Jngether  with 
the  slow-motion  screw.  The  lower  clamp  and  the  slow-motion 
screw  are  attached  to  the  upper  parallel  plate. 

386.  As  the  value  of  this  instrument  depends  greatly  on  the 
accurate  fitting  and  bearings  of  the  two  concentric  vertical  axes, 
and  as  their  connection  ought  to  be  thoroughly  understood,  a 
vertical  section  through  the  body  of  the  instrument  is  given  in 
Fig.  200. 

The  upjier  plate,  or  vernier-plate.  A,  A,  carries  the  verniers, 
compasB-box,  and  telescope.  It  is  attached  to  ite  socket  by  the 
flange,  K.  This  socket  is  Otted  to  the  outside,  conical  surface 
of  the  main  socket,  C.  The  main  socket,  to  which  is  attached 
the  divided  limb,  B,  B,  is  fitted  to  the  conical  spindle  U,  and  held 
11 
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on  the  apindle  by  tbe  Bpring-cateh  S.    A  screw  holds  the  coni' 
cal  center,  whose  npper  flange  keeps  the  sockets  of  the  two  plates 


i 


together.  The  clamp  ia  at  F.  Two  of  the  fonr  leveling  Gcrewa 
are  shown  in  section.  The  spindle,  H,  passes  through  the  upper 
parallel  plate,  and  is  attached  to  a  movable  section  of  the  lower 
parallel  pkte  by  a  ball-and-socket  joint  The  leveling  screws 
pass  through  the  upper  parallel  plate,  and  rest  in  cnpe  on  tbe 
lower  parallel  plate.  As  the  leveling  screws  are  movable  on  the 
lower  parallel  plate,  the  movable  section  of  this  plate  enables 
the  upper  part  of  the  instrument  to  be  moved  from  side  to  side, 
BO  as  to  bring  the  center  of  the  instrnment  precisely  over  any 
desired  point.  This  arrangement  is  called  a  "shifting  center." 
At  the  lower  end  of  the  spindle  is  a  loop,  P,  from  which  the 
plumb-bob  is  suspended. 

387,  The  TeI«MOpe.  This  is  a  combination  of  lenses,  placed  in 
a  tube,  and  so  arranged,  in  accordance  with  the  laws  of  optical 
science,  that  an  image  of  any  object  to  which  the  tclescojie  may  be 
directed,  is  formed  within  the  tube  (by  the  rays  of  light  coming 
from  the  object  and  bent  in  passing  through  the  object-glass),  and 
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there  magnified  by  an  eye-glass,  or  eye-piece,  composed  of  seTeral 
lenses.     The  arrangement  of  these  lensea  is  very  vari- 
ons.      Those  two   combinations,   which   are  preferred 
for  snrvejing  instruments,  will  be  here  explained  : 

Fig.  201  represents  a  telescope  which  inverts  ob- 
jects. Any  object  is  rendurcd  visible  by  every  point 
of  it  sending  forth  rays  of  light  in  every  direction. 
In  this  fignre  the  highest  and  lowest  points  of  the 
object,  which  here  is  an  arrow.  A,  are  alone  consid- 
ered. Those  of  the  rays  proceeding  from  them,  which 
meet  the  object-glass,  0,  form  a  cone.  The  center 
line  of  each  cone,  and  its  extreme  upper  and  lower 
lines,  are  alone  shown  in  the  figure.  It  will  be  seen 
that  these  rays,  after  passing  through  the  object-glass, 
are  refracted  or  bent  by  it,  so  as  to  cross  one  another, 
and  thns  to  form  at  B  an  inverted  image  of  the  object. 
This  would  bo  rendered  visible,  if  a  piece  of  ground- 
glass,  or  other  semi-transparent  snbatance,  were  placed 
at  the  point  B,  which  is  called  the  focus  of  the  object- 
glass.  The  rays  which  form  this  imago  continue  on- 
ward and  pass  throngh  the  two  lenses  C  and  D,  which 
act  like  one  magnify!  ng-glass,  so  that  the  rays,  after 
being  refracted  by  them,  enter  the  eye  at  such  angles 
as  to  form  there  a  magnified  and  inverted  imago  of 
the  object.  Thiscombination  of  tbe  two  plano-convex- 
lenses,  0  and  D,  is  known  as  "  R^msden's  Eye-piece." 

This  telescope,  inverting  objects,  shows  them  up- 
side down,  and  the  right  side  on  the  left.  They  can 
be  shown  erect  by  adding  one  or  two  more  lenses,  as 
in  the  marginal  figure.  But  a^  these  lenses  absorb 
light  and  lessen  the  distinctness  of  vision,  the  former 
arrangement  is  sometimes  ]>referred.  A  little  practice 
makes  it  equally  convenient  for  the  observer,  who 
soon  becomes  accustomed  to  seeing  his  flaoimen  stand- 
ing on  their  heads,  and  soon  learns  to  motion  them 
to  the  right  when  he  wishes  them  to  go  to  the  left, 
»nd  vice  versa. 
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Fi8.  ao2.  Fig.  203  represents  u  telescope  which  shows  objects 

erect.  Its  eye-piece  bos  Jour  lenses.  The  eye-piece  ol 
the  common  terrestrial  teleacope,  or  epj-glasa,  has 
three.  Many  otiier  combinations  muy  be  used,  all 
intended  to  show  the  object  achromatically,  or  free 
from  false  coloring,  but  the  one  here  nhown  is  that 
most  generally  preferred  at  the  present  day.  It  will 
be  seen  that  an  inverted  image  of  the  object  A  is 
formed  at  B,  as  before,  bnt  that  the  rays  continuing 
onward  are  so  refracted  in  [)agsing  through  the  lens  0 
as  to  again  cross,  and  thus,  after  further  refraction  by 
the  lenses  D  and  £,  to  form,  at  F,  an  erect  image, 
which  is  magnified  by  the  lens  G. 

In  both  these  figures,  tbe  limits  of  the  page  render 
it  necessary  to  draw  the  angles  of  tbe  rays  rery  much 
out  of  proportion. 

288.  Cross-HaiTB.  Since  a  considerable  field  of  view 
is  seen  in  looking  through  the  telescope,  it  is  necessary 
to  provide  means  for  directing  the  line  of  sight  to  the 
precise  point  which  ia  to  be  observed.  This  could  be 
effected  by  placing  a  very  fine  point,  anch  as  that  of 
a  needle,  within  the  telescope,  at  8r>n]C  place  where  it 
could  be  distinctly  seen.  In  practice,  this  fine  point 
is  obtained  by  the  intersection  of  two  very  fine  lines, 
placed  in  the  common  focux  of  the  object-glasa  and 
of  tbe  eye-piece.  These  lines  are  called  the  cross- 
hairs, or  cross-wires.  Their  intersection  can  be  seen 
through  the  eye-piece,  at  the  same  time,  and  appar- 
ently at  the  same  place,  as  the  image  of  the  distant 
object.  The  magnifying  powers  of  the  eye-piece  will 
then  detect  the  slightest  deviation  from  perfect  coin- 
cidence. "  This  application  of  the  telcscojie  may  be 
considered  as  completely  annihilating  that  part  of  tbe 
error  of  observation  which  might  otherwise  arise  from 
an  erroneous  estimation  of  the  direction  in  which  an 
object  lies  from  the  observer's  eye,  or  from  the  center  of  the  in- 
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strnment.  It  is,  in  fact,  t'le  grand  source  of  all  the  precision  of 
niodera  astronomy,  without  whicb  all  other  refinements  Jn  in- 
Btrumental  vorkmauship  would  be  ttirown  away."  What  Sir 
John  HerBchcl  liere  saya  of  its  utility  to  astronomy  is  equally  ap- 
plicable to  surveying. 

The  imaginary  line  which  passes  throagh  tiie  intersection  of  the 
cross-hairs  and  the  optical  center  of  the  ohject-glass  is  called  the 
line  of  collimation  of  the  telescope.* 

The  cross-hairs  are  attached  to  a  ring,  or  short,  thick  tube  of 
brass,    placed    within   the 

telescope  -  tabe,    through  "^^  "»■  "•*>'• 

holes  in  which  pass  loose- 
ly fonr  screws,  whose 
threads  enter  and  take 
hold  of  the  ring,  behind 
or  in  front  of  the  cross- 
hairs, as  shown  (in  front 
Tiew  and  in  section)  in  the 
two  figures  in  the  margin. 
Their  moTemente  will  be 
explained    in    "  Adjust* 

KENTS." 

TTsually,  one  eross-hair  is  horizontal,  and  the  other  vertical,  aa 
in  Fig.  303,  but  sometimes  they  are  arranged  aa  in 
Fig.  205,  which  is  thought  to  enable  the  object  to 
be  bisected  with  more  precision.  A  horizontal 
hair  is  sometimes  added. 

The  cross-hairs  are  beet  made  of  platinum  wire, 
drawn  out  very  fine  by  being  previously  inclosed 
in  aMarger  wire  of  silver,  and  the  silver  then  re- 
moved by  nitric  acid.  Silk  threads  from  a  cocoon  are  sometimes 
used.  Spiders'  threads  are,  however,  the  most  usual.  If  a  cross- 
hair is  broken,  the  ring  must  be  taken  out  by  removing  two  op- 
posite screws,  and  inserting  a  wire  with  a  screw  cut  on  its  end, 
or  a  stick  of  suitable  size,  into  one  of  the  holes  thus  left  open 


Fio.  206. 


•  FmiD  the  [.ntin  word  eotlimi,  or  i 
ther  Id  ■  strai);bt  lioe,  or  to  niia  at. 


■nco,  meuiiiiR  U)  direct  one  thing  toirard 
c  litte  of  aim  vauld  eipresB  the  meMiiiiK. 
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in  the  ring,  it  being  tnrued  sidcwise  for  that  purpose,  and  then 
removing  the  other  screws.  The  spiders'  threads  are  then  atretciied 
across  the  notches  seen  in  the  end  of  the  ring,  and  are  fastened  by 
gnm,  or  vamisb,  or  beeswax.  The  operation  is  a  very  delicate  one. 
The  following  plan  has  been  employed  :  A 
.  \   n  piece  of  wire  is  bent,  as  in  the  figure,  so 

^^"1,  IV VWVl  fw  to  leave  an  o^kening  a  little  wider  than 
the  ring  of  the  cross-huirs.  A  cobweb  is 
chosen,  at  the  end  of  which  a  spider  is 
hanging,  and  it  is  wound  around  tlie  bent 
wire,  as  in  the  figure,  the  weight  of  the  insect  keeping  it  tight 
and  stretching  it  ready  for  use,  each  part  being  made  fast  by 
gam,  etc.  When  a  cross-hair  is  wanted,  one  of  these  is  laid 
across  the  ring  and  there  attached.  One  method  is  to  draw  the 
thread  oat  of  the  spider,  persuading  him  to  spin,  if  he  snlks,  by 
tossing  him  from  hand  to  hand.  Another  method  is  to  unwind 
the  spider-web  from  the  cocoons,  frequently  to  be  found  in  spider- 
webs.  A  stock  of  such  threads  must  be  obtained  in  warm 
weather  for  the  winter's  wants.  A  piece  of  thin  glass,  with  a 
horizontal  and  a  vertical  line  etched  on  it,  may  be  made  a  sub- 
stitute. 

388.  Ziutnunental  Farallaz.  This  is  an  apparent  morement 
of  the  cross-hairs  about  the  object  io  which  the  line  of  sight  is 
directed,  taking  place  on  any  alight  movement  of  the  eye  of  the 
observer.  It  is  caused  by  the  image  and  the  cross-hairs  not  being 
precisely  in  the  common  focus,  or  point  of  distinct  vision  of  the 
eye-piece  and  tlie  object-glass.  To  correct  it,  move  the  eye-piece 
out  or  in  till  the  cross-hairs  are  seen  clearly  and  sharply  defined 
against  any  white  object.  Then  move  the  object-glasa  in  or  out 
till  the  object  is  also  distinctly  seen.  The  cross-hairs  will  then 
seem  to  be  fixed  to  the  object,  and  no  movement  of  the  eye  will 
cause  them  to  appear  to  change  their  place. 

280.  A  milled-headed  screw  (on  the  farther  side  of  the  tele 
scope,  and  not  shown  in  the  figure)  passes  into  the  tfilesoope, 
and  baa  a  pinion  at  its  other  end  entering  a  toothed  rack  (Fig. 
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807),  and  ie  used  to  move  the  object-glass,  0,  out  pj^,  g^,, 

and  in,   according  as   the  object   looked  at    is      

nearer  or  farther  than  the  one  last  observed.     ^^'J^'^jyig 
Short  distances  require  a  long  tabe ;  long  dis-  'Iaj^ 

tancee  a  short  tube. 

The  eye-piece  is  moved  in  and  out  by  a  similar  arrsDgemeni 
to  the  preceding.  This  movement  is  necessary  in  order  to  obtain 
a  distinct  view  of  the  cross-hairs.  Short-sighted  persons  require 
the  eye-piece  to  be  pnsbed  farther  in  than  persons  of  ordinary 
sight,  and  old  or  long-sighted  persons  to  have  it  drawn  far- 
ther oat. 

891.  Sapporti.  The  telescope  of  the  transit  is  supported  by  a 
hollow  axis  at  right  angles  to  it,  which  itself  rests,  at  each  end,  on 
two  nprigbt  pieces,  or  standards,  spreading  at  their  bases  so  as  to 
increase  their  stability. 

One  end  of  the  axis  rests  npon  a  movable  block,  which  can  be 
Twsed  or  lowered  by  a  capstan-screw.  The  nse  of  this  will  be 
shown  in  "  Adjustmentb." 

898.  The  Indexes,  The  supports,  or  standards,  of  the  telescope 
just  described  are  attached  to  the  upper  or  index-can7ing  circle. 
This,  as  has  been  stated,  can  tnm  freely  on  the  lower  or  graduated 
circle,  by  means  of  its  conical  axis  moving  in  the  hollow  conical 
axis  of  the  latter  circle.  This  upper  circle  carries  the  index,  V, 
which  is  an  arrow-head  or  other  mark 
on  its  edge,  or  the  zero-point  of  a  ver- 
nier scale.  There  are  usually  two  of 
these,  situated  exactly  opposite  to  each 
other,  or  at  the  extremities  of  a  di- 
ameter of  the  npper  circle,  so  that 
the  readings  on  the  graduated  circle 
pointed  ont  by  them  differ,  if  both 
are  correct,  exactly  180°.  The  object 
of  this  arrangement  is  to  correct  any 
error  of  eeeentridty,  arising  from  the  center  of  the  axis  which 
carries  the  upper  circle  (and  with  which  it  and  its  index-pointers 
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torn),  not  being  prcciBel;  in  the  center  of  the  gntdnated  circle.  Id 
the  figure,  let  C  bo  the  true  ceoter  of  the  gradaated  circle,  bat  C 
the  center  on  vbich  the  plate  carrying  the  indexes  tarns.  Let 
A  C  B  represent  the  direction  of  a  sight  taken  to  one  object, 
and  D'  C  E'  the  direction  trhen  turned  to  a  second  object.  The 
angle  subtended  by  the  two  objects  at  the  center  of  the  inEtru- 
ment  is  required.  Let  DE  be  a  line  passing  through  C,  and 
parallel  to  D'  £'.  The  angle  A  C  B  equals  the  required  angle, 
which  is  therefore  truly  measured  by  the  arc  A  D  or  B  E.  But 
if  the  arc  shown  by  the  index  is  read,  it  will  be  A  D'  on  one 
side,  and  B  E'  on  the  other  ;  the  first  being  too  small  by  the  arc 
D  D',  and  the  other  too  large  by  the  equal  arc  £  £'.  If,  how- 
ever, the  half-sum  of  the  two  arcs  A  D'  and  B  £'  be  taken,  it 
will  equal  the  true  arc,  and  therefore  correctly  measnre  the  an- 
gle. Thus,  if  A  D'  was  19°,  and  B  E'  21°,  their  half-sum,  20°, 
would  be  the  correct  angle. 

Three  indexes,  120°  apart,  are  sometimes  used.  They  hare  the 
adyaotage  of  averagitig  the  unavoidable  inaccuracies  and  inequali- 
ties of  graduation  on  different  parts  of  the  limb,  and  thus  dimin- 
ishing their  effect  on  the  resulting  angle. 

893.  The  Graduated  Circle.  This  is  divided  into  thi«e  hun- 
dred and  sixty  equal  parts,  or  degrees,  and  each  of  these  is  sub- 
divided into  two  or  three  parts  or  more,  according  to  the  size  of  the 
instrument.  In  the  first  case,  the  smallest  division  on  the  circle 
will  of  course  be  30' ;  in  the  second  case  20'.  More  precise  read- 
ing, to  single  minutes  or  even  less,  is  effected  by  means  of  the  ver- 
nier of  the  index,  all  the  varieties  of  which  will  be  fully  explained 
under  "  Veenibe8."  The  numbers  run  from  0°  around  to  360°, 
which  number  is  necessarily  at  the  same  point  as  the  0,  or  zero- 
point.  In  moat  instruments  there  is  another  concentric  circle,  on 
which  the  degrees  are  also  numbered  from  0°  to  90°,  as  on  the  com- 
pass-circle. Each  tenth  degree  is  nsnally  numbered,  each  fifth 
degree  is  distinguished  by  a  longer  line  of  division,  and  each  dc' 
gree-division  line  is  longer  than  those  of  the  subdivisions.  A  mag- 
nifying-glass  is  needed  for  reading  the  divisions  with  ease.  In 
large  instraments  it  is  attached  to  each  vernier. 
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894.  KoTemsnto  When  the  line  of  sigbt  of  the  telescope  is 
direoted  to  a  distant,  well-deSoed  point,  the  anuided  hand  of  the 
observer  can  not  move  it  with  Gufficient  delicacy  and  precision  to 
make  the  interseotion  of  the  cross-hairs  exactly  cover  or  "  bisect " 
that  point.  To  effect  this,  a  clamp,  and  a  tangent,  or  Blon-motion, 
screw  are  reqnired.  This  arrangement,  as  usually  a))p1ied  to  the 
moToment  of  the  npper,  or  vernier  plate,  consists  uf  a  short  post 
of  brasj,  which  is  attached  to  the  Temier-plate,  and  through 
which  passes  a  long  and  fine -threaded  "  tangent-screw."  The  other 
end  of  this  screw  enters  into  and  carries  the  damp.  This  conaistA 
of  two  pieces  of  brass,  which,  by  taming  the  clamp-screw,  which 
passes  through  them  on  the  outside,  can  be  made  to  take  hold  of  and 
pinch  tightly  the  edge  of  the  lower  circle,  which  lies  between  them 
on  the  inside.  The  npper  circle  is  now  prevented  from  moving  on 
the  lower  one,  for  the  tangents-screw  keeps  them  at  a  fixed  distance 
apart,  so  that  they  can  not  move  to  or  from  one  another,  nor  con- 
sequently the  two  circles  to  which  they  are  respectively  made  fast 
But  when  this  tangent-screw  is  turned  by  its  milled  head,  it  gives 
the  clamp  and  with  it  the  upper  plate  a  smooth  and  slow  motion, 
backward  or  forward,  whence  it  is  called  the  "  slow-motion  screw," 
as  well  as  "  tangent-screw,"  from  the  direction  in  which  it  acts. 
Another  form  of  elamp  is  shown  in  Fig.  200. 

A  little  different  arrangement  is  employed  to  give  a  similar 
motion  to  the  lower  circle  on  the  body  of  the  instrument.  Its  axis 
is  embraced  by  a  braes  ring,  into  which  enters  a  clamp-screw. 
The  clamp-screw  caoses  the  ring  to  pinch  and  hold  immovably 
the  axis  of  the  lower  circle,  while  a  turn  of  the  tangent-screw 
will  slowly  move  the  clamp-ring  itself,  and  therefore  with  it 
the  lower  circle.  When  the  clamp  is  loosened,  the  lower  circle, 
and  with  it  everything  above  it,  has  a  perfectly  free  motion. 

896,  I«Tela.  Since  the  object  of  the  instrument  is  to  measure 
horizontal  angles,  the  circular  plate  on  which  they  are  measured 
must  itself  be  made  horizontal.  Whether  it  is  ao  or  not  is  known 
by  means  of  two  small  levels  placed  on  the  plate  at  right  angles  to 
each  other.  Each  consists  of  a  glass  tube,  slightly  curved  upward 
in  its  middle,  and  so  nearly  filled  with  alcohol  that  only  a  small 
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bubble  of  air  is  left  in  the  tube.  This  always  rises  to  the  highest 
part  of  the  tubes.  They  are  so  "  adjusted  "  that  when  this  bubble 
of  air  is  in  the  middle  of  the  tubes,  or  its  ends  cquidistaut  from  the 
central  mark,  the  plate  on  which  they  are  fustenod  shall  be  level, 
which  Tray  soever  it  may  be  turned.  One  of  the  levels  is  some- 
times fixed  between  the  standards  above  one  of  the  verniers,  and 
the  other  on  the  plute  at  the  north  end  of  the  compass-bo2. 

296.  Parallel  Platei.  To  raise  or  lower  either  side  of  the  circle, 
ao  as  to  bring  the  bubbles  into  the  centers  of  the  tubes,  requires 
more  gentle  and  steady  movements  than  the  unaided  hands  can 
give,  and  ia  attained  hy  the  parallel  plates,  and  their  four 
milled-headed  screws,  which  bold  the  plates  firmly  apart,  and, 
by  being  tnmed  in  or  out,  raise  or  lower  one  aide  or  the  other  of 
the  upper  plate,  and  thereby  of  the  graduated  circle.  The  two 
plates  are  held  together  by  a  ball-and-gocket  joint.  To  level  the 
instrument,  loosen  the  lower  clamp  and  turn  the  circle  till  each 
level  is  parallel  to  the  vertical  plane  passing  through  a  pair  of 
opposite  screws.     Then  take  hold  of  two  opposite  screws  and  turn 


them  simultaneously  and  equally,  but  in  contrary  directions,  tcrew 
ing  one  in  and  the  other  out,  as  shown  by  the  arrows  in  tlio  figures. 
A  rule  easily  remembered  is  that  both  thumbs  must  turn  in,  or 
both  out.  The  movements  represented  in  the  first  of  these  figures 
would  raise  the  left-hand  side  of  the  circle  and  lower  the  right- 
hand  side.  The  movements  of  the  second  figure  would  produce 
the  reverse  effect.  Care'"is  needed  to  turn  the  opposite  screws 
equally,  so  that  they  shall  not  become  so  loose  that  the  instrument 
will  rock,  or  so  tight  as  to  be  cramped.  Wheu  this  last  occurs, 
one  of  the  other  pair  should  be  loosened. 
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Sometimes  one  of  each  pair  of  the  screws  is  replaced  by  a  strong 
spring,  against  which  the  remuiiiiDg  screws  act. 

The  French  and  German  instrumente,  and  moat  large  instru- 
ments, are  usually  supported  by  only  three  screws.  In  such  cases, 
one  level  is  brought  parallel  to  one  pair  of  screws  and  leveled  by 
them,  and  the  other  level  has  its  babble  brought  to  itt>  center  by 
the  third  screw.  If  there  ia  only  one  level  on  the  instrument,  it  is 
first  brongbt  parallel  to  one  pair  of  screws  and  leveled,  and  is  then 
tnmed  one  qnarter  around  so  as  to  be  perpendicular  to  them  and 
over  the  third  screw,  aud  the  operation  is  repeated. 

387.  Watoh-TelMcope.  A  second  telescope  is  sometimes  at- 
tached to  the  lower  part  of  the  instrument.  When  a  number  of 
angles  are  to  be  observed  from  any  one  station,  direct  the  u|>pcr 
and  principal  telescope  to  the  6rst  object,  and  then  direct  the 
lower  one  to  any  other  well-defined  point  Then  make  all  the 
desired  observations  with  the  upper  telescope,  and,  when  they  are 
finished,  look  again  through  the  lower  one,  to  see  that  it  and  there- 
fore the  divided  circle  have  not  been  moved  by  the  movements  of 
the  vernier-plate.  The  French  call  this  the  Witness- Telescope 
(Lunette  tSmoin). 

898.  The  Compasi,  Upon  the  npper  plate  is  fixed  a  compass. 
It  has  been  fully  explained  in  Chapter  III.  It  is  little  used  in 
connection  with  the  transit,  which  is  so  incomparably  more  accu- 
rate, except  as  a  "check,"  or  rough  test  of  the  accuracy  of  the 
angles  taken,  which  should  about  equal  the  difference  of  the  mag- 
netic bearings. 

S88.  The  Kefleetor.  In  making  observations  ou  Polaris  at  night 
or  in  Borveying  minss,  a  reflector  (Fig.  210)  is 
used.  This  is  a  silvered  plate  with  a  hole  in  it 
for  observing  through  with  the  telescope,  while 
a  light,  held  near  the  silvered  surface,  itinminates 
the  cross-hairs.  The  reflector  is  attached  to  a 
ring,  fitted  to  the  object-glass  slide,  and  is  in- 
clined at  an  angle  of  45"  to  the  ring. 
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300;  Th«  Diagonal  Prism  (Fig.  211).     This  is  a  prism  attached 
to  the  eye-piece  of   the  teloscoite,  so  that  the 
Fia.  211.  ^yg  jji  ijg{jt^  coming  from  the  object  sighted 

to,  and  passing  through  the  telescope,  are  re- 
flected to  the  eye  at  an  angle  of  90*  to  the 
line  of  flight  of  the  telescope.  The  prism  is 
attached  to  a  movable  plate  so  that  it  can  be 
turned  to  snit  the  position  of  the  observer. 
This  prism  enables  larger  vertical  angles  to  be 
measured  than  would  be  possible  without  it. 

The  Transit. 

301.  Th«  Engineer's  Transit  (Fig.  213).  This  instrument  is 
similar  in  general  construction  to  that  shown  in  Fig.  199,  but 
differs  from  it  in  seTeral  important  particulars.  The  sockets  for 
the  axes  of  the  plates  are  longer  and  differently  arranged.  These 
are  shown  in  Fig.  312. 

Both  levels  are  attached  to  the  upper  plate.  The  verniers,  in- 
stead of  being  placed  at  the  sides  between  the  legs  of  the  standards. 


as  is  usual,  are  placed  near  the  north  and  south  points  of  the 
compass-circle,  so  that  the  observer  can  read  the  vernier  without 
step|img  to  the  side  of  the  instrument.  The  slow  motion,  both  of 
the  upper  and  lower  plate,  is  given  by  one  tangent-screw.     In  each 
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case  an  opposing  spiral  spring  prevents  any  shake  in  the  taugeot- 
ecrew. 

Tbe  Tertical  arc  is  attached  to  the  axis  of  the  telescope  by  a 
clamp-Borew,  shown  in  the  figure.  The  vernier  and  the  alow- 
motion  ocrew  of  the  vertical  arc  are  shown  below  the  arc,  and  are 
attached  to  the  left-hand  standard. 
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Attached  to  the  right-haod  Btandard  is  the  "  Gradienter" 
(ehown  in  detail  in  Fig.  345), 

302.  A  vertical  section  through  the  body  of  the  eogineer'E 
transit  is  given  in  Fig.  212.  The  lower  plate,  or  "  divided  limb," 
B,  is  supported  bj  tbe  hollow  socket  C.  Through  this  hollow 
socket  passes  the  conical  spindle  which  sujiports  the  upper  plate  A. 

The  u|)per  plate  carries  the  telescope,  eompasa-box,  and  the 
verniers.  The  vernier-scales,  V,  V,  are  attached  to  the  upper 
plate,  but  lie  in  the  same  plane  as  tbe  divisions  of  the  lower  plate 
(so  that  the  two  can  be  viewed  together  without  parallax),  and  are 
covered  with  glass  to  exclude  dust.     E.is  the  clamp-screw. 

303.  The  Theodolite.  The  transit,  when  furnished  with  a  ver- 
tical circle  and  telescope  level,  is  sometimes  called  a  Theodolite. 
This  name  is  used  almost  exclusively  in  Eugland  and  on  the  Con- 
tinent of  Europe.     In  one  form  of  the  theodolite  the  telescope  can 

not  be  revolved  on   its  horizontal   axis.     This 
Fio.  2U. 

form  has  been  almost  entirely  superseded  in  this 

country  by  that  having  a   revereihle  telescope. 

It  is  then  called  a  Transit  Theodolite,  or  simply 

a  Transit. 

304.  Ooniasmometre.  A  very  compact  in- 
strument, to  which  this  name  has  been  given 
1  France,  where  it  is  much  used,  is  shown 
3  the  figure.  The  upper  half  of  the  cylinder 
is  movable  on  its  lower  half.  The  observations 
may  be  taken  through  the  slits,  aa  in  the  snr. 
veyor's  cross,  or  a  telescope  may  be  added  to  it. 
Readings  may  be  taken  both  from  the  compass 
and  from  the  divided  edge  of  the  lower  half 
of  the  cylinder,  by  means  of  a  vernier  on  the  upper  half.* 

*  The  proper  care  of  inBtniments  must  not  be  overlooked.  If  Tarnisbed,  the; 
BhoulJ  be  wipci]  gcnti?  •ritb  One  nnd  ctesn  linen.  If  polished  with  oil,  they  should 
b«  rubbed  more  Kirocglj.  The  parts  neither  famisUcd  nor  oiled  should  be  cleaned 
with  Spanish-while  uid  alcobol.  Varnished  wood,  when  spotted,  should  be  wiped 
with  ver?  soft  linen,  moistened  witb  a  little  olive-oil  or  alcohol.     Dnpninted  wood  is 
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308.  Deftnition.  A  Ternier  ie  a  contriTance  for  meaBoriog 
smaller  portions  of  space  than  those  into  which  a  line  is  actually 
divided.  It  consists  of  a  second  line  or  scale,  movable  by  the  side 
of  the  first,  and  divided  into  equal  parts,  which  are  a  very  little 
shorter  or  longer  than  the  parts  into  which  the  first  line  is  divided. 
This  small  difference  is  the  space  which  we  are  thus  enabled  to 


The  vernier  scale  is  nsnally  constructed  by  taking  a  length 
equal  to  any  namber  of  parts  on  the  divided  line,  and  then  divid- 
ing this  length  into  a  number  of  eqnal  parte,  one  more  or  one  less 
than  the  number  into  which  the  same  length  on  the  original  line 
is  divided. 


306.  nimtration.  The  figure  represents  (to  twice  the  real  sine) 
a  scale  of  inches  divided  into  tenths,  with  a  vernier  scale  beside  it, 
by  which  hundredths  of  an  inch  can  be  measured.     The  v 

Fio.  SIB. 
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made  by  setting  off  on  it  nine  tenths  of  an  inch,  and  dividing  that 
length  into  ten  equal  parts.  Sach  space  on  the  vernier  is  therefore 
eqnal  to  a  tenth  of  nine  tenths  of  an  inch,  or  to  nine  hundredths 
of  an  inch,  and  is  consequently  one  handredth  of  an  inch  shorter 
than  one  of  the  divisions  of  the  original  scale.  The  first  space  of 
the  vernier  will  therefore  fall  short  of,  or  be  overlapi>ed  by,  the  first  * 


cleaned  Mith  samt-paper.  Applj  ollTe-oil  nhcra  step]  rubs  aftAtiu't  bnss ;  and  wax 
softened  bj  latlciw  where  brass  rubs  ngamst  brass.  Clean  the  glasses  with  kid  or 
buck  skin.     Wash  them,  if  dirtied,  with  alcohol. 

*  The  vernier  is  bo  named  from  its  inventor,  in  ISSl.  Tiie  name  "Hotiliw," 
often  Improperlj  given  lo  it,  be1on|,'s  to  an  entire);  different  contrivance  for  a  rimilar 
objeet. 
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space  OD  the  scale  by  this  one  hiindrcdlh  of  an  inch  ;  the  second 
apace  of  the  vernier  will  fall  short  by  two  hundredths  of  an  inch ; 
and  so  on.  If,  then,  the  Ternior  be  moved  up  by  the  side  of  the 
original  scale,  so  that  the  line  marked  1  comcides,  or  forms  one 
straight  line,  with  the  line  of  tlic  ecule  which  was  just  aboye  it,  we 
know  that  the  vernier  has  been  moved  one  hundredth  of  an  inch. 
If  the  line  marked  %  comes  to  coincide  with  a  line  of  the  scale,  the 
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vernier  has  moved  up  two  hundredths  of  an  inch  ;  and  so  for  other 
numbers.  If  the  iMsition  of  the  vernier  be  as  in  this  figure,  the 
line  marked  7  on  the  vernier  corresjionding  with  some  line  on  the 
scale,  the  zero-line  of  the  vernier  is  seven  hundredths  of  an  inch 
shove  the  division  of  the  scale  next  below  this  zero-line.  If  this 
division  be,  as  in  the  figure,  8  inches  and  6  tenths,  the  reading  will 
be  8-67  inches,* 

A  vernier  like  this  is  used  on  some  leveling-rods,  being  en- 
graved on  the  sides  of  the  opening  in  the  part  of  the  target  above 
its  middle  line.  The  rod  being  divided  into  hundredths  of  a  foot, 
this  vernier  reads  to  thousandths  of  a  foot.  It  is  also  used  on  some 
French  mountain  barometers,  which  are  divided  to  hundredths  of 
a  metre,  and  thus  read  to  thousandths  of  that  unit. 

307.  General  Itnlet.  To  find  wTiat  any  vernier  reads  to — i.  e., 
to  determine  how  small  a  distance  it  can  measure — observe  how 
many  parts  on  the  original  line  arc  cfpial  to  the  same  number  in- 
creased or  diminished  by  one  on  the  vernier,  and  divide  the  length 

*  The  student  will  ilo  well  to  drair  rucIi  a  scale  and  vernier  un  tiro  Avpt  at  thick 
paper,  utitl  move  one:  heside  (he  other  till  he  can  read  tiiem  Id  any  po-aibic  praitkmi 
and  80  Hith  till!  I'olloning  rcruiere. 
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of  a  part  oa  the  original  line  by  this  last  number.  It  will  (rive  the 
reanired  distance.* 

For  vemiera  as  nenally  consti-ncted,  the  following  rule  will  a|H 
ply  ;  Divide  the  value  of  the  emallesi  division  on  the  original  acah 
by  the  number  of  parts  on  the  vernier. 

For  example,  if  the  limb  of  a  transit  be  divided  into  half  de- 
grees, and  thirty  parte  on  the  vernier  are  equal  to  twentv-Di'De  on 
the  limb,  then  the  ralne  of  the  smallest  division  on  the  limb  (30 
minutes),  divided  by  the  number  of  parts  on  the  vernier  (30) 
equals  one  minute.     This  is  what  the  vernier  reads  to. 

To  read  any  vernier,  first,  look  at  the  zero-line  of  the  vernier 
(which  is  sometimes  marked  by  an  arrow-bead),  and  if  it  coincides 
with  any  division  of  the  scale,  that  will  be  the  correct  reading,  and 
the  vernier  divisions  are  not  needed.  But  if,  as  usually  hapiiens, 
the  zero-line  of  the  vernier  comes  between  any  two  divisions  of  the 
scale,  note  tbo  nearest  next  less  division  on  the  scale,  and  then 
look  along  the  vernier  till  you  come  to  some  line  on  it  which  ex- 
actly coincides,  or  forms  a  straight  line,  with  some  line  (no  matt«r 
which)  on  the  fixed  scale.  The  number  of  this  line  on  the  vernier 
(the  7th,  in  the  last  figure)  t«lls  that  so  many  of  the  subdivisions 
which  the  vernier  indicates  are  to  be  added  to  the  reading  of  the 
entire  divisions  on  the  scale. 

When  several  lines  on  the  vernier  appear  to  coincide  equally 
with  lines  of  the  scale,  take  the  middle  line. 

When  no  line  coincides,  but  one  line  on  the  vernier  is  on  one 
side  of  a  line  on  the  scale,  and  the  next  line  on  the  vernier  is  ae  far 
on  the  other  side  of  it,  the  true  reading  ie  midway  between  those 
indicated  by  these  two  lines. 

306.  Batrograde  TemieiB.  The  spaces  of  the  veniier  in  modem 
instroments  are  asually  each  shorter  than  those  on  the  scale,  a  cer- 
tain number  of  parts  on  the  scale  being  divided  into  a  larger  nnmber 

*  In  ilgcbmic  linguage,  let  t  «qusl  the  length  of  one 
■nd  i>  the  unknovD  length  of  one  part  od  the  vernier. 
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of  parts  on  the  Tornier.*  In  the  contrary  ca8e,f  there  is  the  ioooD- 
Tenience  of  being  obliged  to  number  the  lineB  of  the  veroier  and  to 
connt  their  coinoideaces  with  the  lines  of  the  acale,  in  a  retrograde 
or  contrary  direction  to  that  in  which  the  numbers  on  the  scale 
run.     We  will  call  snch  arrangements  retrograde  Terniers. 

S09,  niutntioiL  In  this  figure,  the  scale,  as  before,  repre- 
Bents  (to  twice  the  real  size)  iDobes  divided  into  tenths,  but  the 
vernier  is  made  by  dividing  eleven  {)artB  of  the  scale  into  too  equal 
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ports,  each  of  which  is  therefore  one  tenth  of  eleven  tenths  of  an 
inch — i.  e.,  eleven  hundredths  of  an  inch,  or  a  tenth  and  a  hun- 
dredth. Each  space  of  the  vernier  therefore  overlaps  a  space  on 
the  scale  by  one  hundredth  of  an  inch.  The  manner  of  reading 
tbis  vernier  is  the  same  as  in  the  last  one,  except  that  the  num- 
bers run  in  a  reverse  direction.  The  reading  of  the  figure  is 
80-16. 

This  vernier  is  the  one  generally  applied  to  the  common  barom- 
eter, the  zero-point  of  the  vernier  being  brought  to  the  level  of 
the  top  of  the  mercury,  whose  height  it  then  measures.  It  is  also 
employed  for  leveling-rods  which  read  downward  from  the  middle 
of  the  target. 

310.  Fig.  318  represents  (to  double  size)  the  usual  scale  of 
the  English  mountain  barometer.  The  scale  is  first  divided 
into  inches.     These  are  subdivided   into  tenths   by  the  longer 

*  i  •.,  tlgebnlcallj,  ■=--■.  t  i-  «-i  "ben  v  = 1. 
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lines,  and  the  shorter  lines  again  divide  these  into  half  tenths,  or 
to  5  hnodredths ;  24  ot  these  smaller  parts  are  set  off  on  the  ver- 


nier, and  divided  into 
_  24  X  -05 


85 


eqiial  parts,  each  of  which  is  therefore 
048  inch,  and  is  shorter  than  a  division  of  the  scale 


by  -OSO  —  •048  =  "OOa,  or  two  tliou^ndtha  ot  an  inch,  a  twenty- 
fifth  part  of  a  division  on  tlie  scale,  to  which  minuteness  the  ver- 
nier can  therefore  read.  The  reading  in  the  figure  is  30'686 
(30'65  by  the  scale  and  '036  by  the  vernier),  the  dotted  line  marked 
D  showing  where  the  coincidence  takes  place. 

311.  Cirele  dirlded  into  Degrees,  The  following  illustrations 
apply  to  the  measarements  of  angles,  the  circle  being  variously 
divided.  In  this  article,  the  circle  is  supposed  to  be  divided  into 
degrees. 

If  6  spaces  on  the  vernier  are  fonnd  to  be  equal  to  5  on  the 
circle,  the  vernier  can  read  to  one  sixth  of  a  space  on  the  circle — 
i.  e.,  to  10'. 

If  10  spaces  on  the  vernier  are  equal  to  9  on  the  circle,  the 
vernier  can  read  to  one  tenth  of  a  space  on  the  circle — i.  e,,  to  6'. 

If  12  spaces  on  the  vernier  are  equal  to  11  on  the  circle,  the 
vernier  can  read  to  one  twelfth  of  a  space  on  the  circle — i.  e.,  to  5'. 

Fig.  319  shows  such  an  arrangement.  The  index,  or  zero, 
of  the  vernier  is  at  a  point  beyond  358",  »  certain  distance, 
which  the  coincidence  of  the  third  line  of  the  vernier  (as  indicated 
by  the  dotted  and  crossed  line)  shows  to  be  15'.  The  whole  reading 
is  therefore  358°  15'. 
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It  20  spaces  on  the  rernier  &ie  equal  to  19  on  the  circle,  the 
remier  can  read  to  one  twentieth  of  a  diTiBion  on  the  circle — i.  e.. 


|60_ 


to  8'.     English  compasses,  or  "circumferentors,"  are  eometiinea 
thus  arranged. 

It  60  spaces  on  the  vernier  are  equal  to  59  on  the  circle,  the 
vernier  can  read  to  one  sixtieth  ol  a  division  on  the  circle— i.  a, 
to  1'. 

312.  Circle  divided  to  30'.  Snch  a  gradnation  ia  a  very  com- 
mon one.    The  vernier  may  be  varionsly  constructed. 
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30 


therefore  be  less  than  a  space  of  the  circle  bj  1',  to  which  the  ver- 
iiier  will  then  read. 

Fig.  220  shows  this  arrangement.     The  reading  is  0°,  or  360°. 

In  Fig.  221  the  dotted  and  crossed  line  shows  what  divisions 
coincide,  and  the  reading  is  20°  10' ;  the  vernier  being  the  same 
as  in  the  preceding  flgnre,  and  its  zero  being  at  a  point  of  the 
circle  10'  beyond  20°. 

Fio.  221. 


In  Pig.  822,  the  reading  is  20°  40',  the  index  being  at  a 
point  bcvo'nd  30°  30',  and  the  additional  space  being  shown  by 
the  vernier  to  be  10'. 

Sometimes  30  spaces  on  the  vernier  are  equal  to  31  on  the  circle. 
31X3 


Each  space  on  the  vernier  will  therefore  be  =  - 


30 


=  31',  and 


will  be  longer  than  a  space  on  the  circle  by  1',  to  which  it  will 
therefore  read,  as  in  the  last  case,  but  the  vernier  will  be  "  retro- 
grade." This  is  the  vernier  of  the  compass.  The  peculiar  manner 
ta  which  it  is  there  applied  is  shown  in  Fig.  229. 
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If  15  epacea  oq  the  Ternier  are  equal  to  16  on  tlie  circle,  each 
16  X  30' 


=  32',  and  the  vernier  will 


space  OQ  the  remier  will  be  = 

therefore  read  to  2'. 

313.  Oiide  divided  to  30'.    If  20  spaces  of  the  vernier  are 
equal  to   19  oq  the  circle,  each   space  of   the  latter  will  be  = 

— ^~-  =  19',  and  the  Yemier  will  read  to  20'  -  19'  =  1'. 

If  40  spaces  on  the  vernier  are  equal  to  41  on  the  circle,  each 
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Trill  therefore  read  to  20i'  —  20'  =  30".     It  will  bo  retrograde.    In 
Fig.  ^33  the  reading  is  360°,  or  0° ;  and  it  will  be  seen  tbat  the 
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40  epaceB  on  the  veniier  (nambered  to  whole  minatea)  are  equal 
to  13°  40'  on  the  limh — i.  e.,  to  41  spaces,  each  of  20'. 

If  60  spaces  on  the  vernier  are  equal  to  69  oa  the  circle,  each 

of  the  former  will   be  =  — ^ —  =  19'  40*,  and  the  vernier  will 

Fia.  226. 
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therefore  read  to  20'  —  19'  40'  =  20'.     Fig.  324  shows  snch  an 
arrangement.     The  reading  in  that  position  would  be  40°  46'  20'. 

314  Ciiele  divided  to  16'.  If  60  spaces  on  the  vernier  are 
equal  to  59  on  the  cirele,  each  space  on  the  vernier  will  be  = 

*-?^^  =  14'  46',  and  the  vernier  will  read  to  15',     In  Fig.  225 

the  reading  is  10°  20'  45',  the   index  pointing  to  10°  15',  and 
something  more,  which  the  vernier  showa  to  be  5'  45'. 

315.  Circle  divided  to  10'.  If  60  spaces  on  the  vernier  be 
equal  to  59  on  the  limb,  the  vernier  will  read  to  10'.  In  Fig. 
226  the  reading  is  7°  25'  40',  the  reading  on  the  cirele  being 
7°  20',  and  the  vernier  showing  the  remaining  space  to  be  6'  40'. 

Fia.  !ia«. 


15   T      10 


316.  Beading  baokwsrd.     When  an  index  carrying  a  vernier 
moved  backward,  or  in  a  contrary  direction  to  that  in  which  tho 
numbers  on  the  cirele  run,  if  we  wish  to  read  the  space  which 
haa  passed  over  in  this  direction  from  the  zero-point,  the  vernic; 
most  be  read  backward  (i.  e.,  the  highest  number  be  called  0). 
its  actual  reading  must  be  subtnicted  from  the  value  of  the  small- 
est space  on  the  cirele.     The  reason  ia  jilain  ;  for,  since  the  verniei 
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shows  how  far  the  index,  moving  in  one  direction,  haa  gone  past 
one  division-line,  the  distance  which  it  is  from  the  next  division- 
line  (which  it  may  be  supposed  to  have  passed,  moving  in  a  coq- 
trar;  direction)  will  bo  the  difference  between  the  reading  and  the 
value  of  one  space. 

Thus,  in  Fig.  219,  the  reading  is  358°  15'.  But,  counting  back- 
ward from  the  360",  or  zero-point,  it  is  1°  45'. 

CantioQ  on  tliis  point  is  particularly  necessary  in  using  small 
angles  of  defiection  for  railroad-cnrvea 

817.  Arc  of  Exoen.  On  the  sextant  and  similar  instruments, 
Uie  divisions  of  the  limb  are  carried  onward  a  short  distance  be- 
yond the  zero-point.  This  portion  of  the  limb  is  called  the  "  Arc 
When  the  index  of  the  vernier  points  to  this  arc,  the 
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reading  must  be  made  as  explained  in  the  last  article.  Thus,  in 
the  figure,  the  reading  on  the  arc  from  the  zero  of  the  limb  to  the 
zero  of  the  vernier  is  4°  25',  and  something  more,  and  the  reading 
of  the  vernier  from  10  toward  the  right,  where  the  lines  coin- 
cide, ie  3'  20'  (or  it  is  10'  —  6'  40'  =  3'  80*),  and  the  entire  reading 
is  therefore  4"  23'  20'. 

318.  Double  Veniien,     To  avoid  the  inconveniences  of  read- 
ing backward,   doable   verniers   are  sometimes   used.     Pig.   228 
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shows  one  applied  to  a  tratiBit     Each  of  4 
one  described  in  Art.   312,  Figs.   220,  331,  and 
degrees  are  counted  to  the  left,  or  as  the  Dombere 
Fra.  828. 


is  like  the 
When  the 
IS  is  nsual. 


the  left-hand  vernier  is  to  be  read,  as  in  Art.  313  ;  bnt  when  the 
degrees  are  counted  to  the  right,  from  the  360°  line,  the  right- 
hfuid  vernier  is  to  be  used. 

319.  CompaH-Temier.     Another  form  of  double  vernier,  often 
applied   to   the  cotniwss,  is  shown   in   Fig.    339.      The   limb   is 


r^i 


divided  to  half-degrees,  and  the  vernier  reads  to  minutes,  30 
parts  on  it  being  equal  to  31  on  the  limb.  But  the  vernier  is 
only  half  as  long  as  in  the  ]irevious  case,  going  only  to  15',  the 
upper  figures  on  one  half  being  a  sort  of  continnntion  of  the  lower 
figures  on  the  other  half.  Thiia.  in  moving  thv  index  to  the  right, 
read  the  lower  Sgnres  on  the  left-hand  vernier  (it  being  retrograde) 
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at  any  coincidence,  when  the  space  passed  over  is  less  than  16' ; 
but  if  it  be  more,  read  the  upper  figures  on  the  right-hand  i 
and  vice  versa. 


320.  The  purposes  for  which  the  transit  (as  well  as  most  sur- 
veying and  astronomical  instruments)  is  to  be  used,  require  and 
presuppose  certain  parts  and  lines  of  the  iustrataent  to  be  placed 
in  certain  directions  with  respect  to  others  ;  these  respective  direc- 
tions being  usually  parallel  or  perpendicular.  Such  arrangemeuts 
of  their  parts  are  called  their  Adjustments.  The  same  word  is  also 
applied  to  placing  these  lines  in  these  directions.  In  the  following 
explanations  the  operations  which  determine  whether  these  adjust- 
ments are  correct,  will  bo  called  their  Verifications  ;  and  the  mak- 
ing them  right,  if  they  are  not  bo,  their  Rectifications.* 

321.  In  obaerTations  of  horizontal  angles  with  the  transit  it  ifl 
reqaired — 

1.  That  the  circular  plates  shall  be  horizontal  in  whatever  way 
they  may  be  turned  around. 

2.  That  the  telescope,  when  pointed  forward,  shall  look  in  pre- 
cisely the  reverse  of  its  direction  when  pointed  backward — i.  e., 
that  its  two  lines  of  sight  (or  lines  of  collimation)  forward  and 
backward  shall  lie  in  the  same  plane. 

3.  That  the  telescope,  in  turning  upward  or  downward,  shall 
move  in  a  truly  Tertical  plane,  in  order  that  the  angle  measured 
between  a  low  object  and  a  high  one  may  be  precisely  the  same 
as  would  be  the  angle  measured  between  the  low  object  and  a  point 
exactly  under  the  high  object,  and  in  the  same  horizontal  plane  as 
the  low  one. 

We  shall  see  that  all  these  adjastmente  are  finally  resolvable 
into  these :  1.  Making  the  Tertical  axis  of  the  instrument  perpen- 
dicular to  the  plane  of  the  levels  ;  2.  Making  the  line  of  eollima. 

*  It  tiM  been  well  s«id  that,  "  in  the  present  state  of  science,  i[  maj  bo  laid  down 
u  a  mailm  that  erery  instrument  should  be  so  conlrited  that  [lie  observer  may 
eaailj  examine  and  rectity  tha  principal  parts ;  (or,  however  careful  the  Instrument, 
maker  may  be,  however  perfect  the  eiecution  thereof,  it  H  not  posHible  that  anj 
instniment  should  \oo^  remain  accurolely  fiied  in  the  poeition  In  whleh  It  came  oat 
of  (be  nuAer'a  hands."     (Adams's  "  Oeometrieal  and  Qraphiixl  Essays,"  ITSl.) 
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tion  perpendicular  to  its  axU  ;  and,  3.  Making  this  axis  parallel  to 
the  plane  of  the  levels.  They  are  all  best  tested  by  the  invaluable 
principle  of  "reversion." 

We  liave  now,  first,  to  examine  whether  these  things  are  go — 
that  is,  to  "verify"  the  adjustments;  and,  second,  if  we  find 
that  they  are  not  so,  to  make  them  so — i.  e.,  to  "  rectify  "  or  "  ad- 
just "them  correctly.  The  above  three  requirements  prodnce  as 
many  corresponding  adjustmeutB. 

332.  Tint  Adjartm«nt.  To  cause  the  circle  to  be  horizontal  in 
every  position. 

Verification.  Turn  the  vemier^platc,  which  carries  the  levels, 
till  one  of  them  is  parallel  to  one  pair  of  the  parallel  plate-screws. 
The  other  will  then  be  parallel  to  the  other  pair.  Bring  each  bub- 
ble to  the  middle  of  its  tube,  by  that  pair  of  screws  to  which  it  is 
parallel.  Then  turn  the  vernier-plate  half-way  around  —i.  e.,  till 
the  index  has  passed  over  180°.  If  the  bubbles  remain  in  the  cen- 
ters of  the  tubes,  they  are  in  adjustment.  If  either  of  them  runs 
to  one  end  of  the  tube,  it  requires  rectification. 

Rectification.  The  fault  which  is  to  be  rectified  is  that  the 
plane  of  the  level  (i.  e.,  the  plane  tangent  to  the  highest  point  of 
the  level  tube)  is  not  perpendicular  to  the  vertical  axis  on  which 


the  plate  turns.  For,  let  A  B  represent  this  plane,  seen  edgewise, 
and  C  D  the  center  line  of  the  vertical  axis,  which  is  here. drawn  as 
making  an  acute  angle  with  this  plane  on  the  right-hand  side. 
The  first  figure  represents  the  bubble  brought  to  the  center  of  the 
tube.  The  second  figure  represents  Ihe  plafe  turned  half  around. 
The  center  line  of  the  axis  is  supposed  to  remain  unmoved.     The 
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acato  angle  will  dow  be  on  the  left-hand  side,  and  the  plate  will  no 
longer  be  horizontal ;  coDBeqaently,  the  babble  will  ran  to  the 
higher  end  of  the  tube.  The  rectification  necessary  is  evidently  to 
raise  one  end  of  the  tube  and  lower  the  other.  The  real  error  has 
beea  doabled  to  the  eye  by  the  reversion.  Half  of  the  motion  of 
the  bubble  was  caased  by  the  tangent  plane  not  being  perpendicu- 
lar to  the  axis,  and  half  by  this  uxis  not  being  vertical.  Therefore, 
laise  or  lower  one  end  of  the  level  by  the  screws  which  fasten  it  to 
the  plate,  till  the  bobble  comes  aboat  half-way  back  to  the  center, 
and  then  bring  it  quite  back  by  turning  it«  pair  of  parallel  plate- 
screws.  Then  again  reverse  the  vernier-plate  180°.  The  bnbble 
should  now  remain  in  the  center.  If  not,  the  operation  should  be 
repeated.  The  same  must  be  done  with  the  other  level,  if  reqnired. 
Then  the  bubbles  will  remain  in  the  center  daring  a  complete  revo- 
IntioD.  This  proves  that  the  axis  of  the  vrrnier-plate  is  then  ver- 
tical ;  and,  as  it  has  been  fixed  by  the  maker  perpendicalar  to  the 
plate,  the  latter  most  then  be  horizontal. 

It  is  also  necessary  to  examine  whether  the  bubbles  remain  in 
the  center,  when  the  divided  circle  is  tamed  round  on  its  axis.  If 
not,  the  axes  of  the  two  plates  are  not  parallel  to  each  other.  The 
defect  can  be  remedied  only  by  the  maker ;  for,  if  the  bubbles  be 
altered  so  as  to  be  right  for  this  reversal,  they  will  be  wrong  for 
the  vernier-plate  reversal. 

323.  Second  Adjuitment  To  cause  the  line  of  colKvuition  to 
revolve  in  a  plane. 

Verification.  Set  up  the  transit  in  the  middle  of  a  level  piece 
of  ground,  as  at  A  in  the  figure.     Level  it  carefully.     Set  a  stake, 


with  a  nail  driven  into  its  head,  or  a  chain-pin,  as  far  from  the 
instrnment  as  it  is  distinctly  visible,  as  at  B.    Direct  the  telescope 
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to  it,  aDd  fix  the  intersection  of  the  cross-haira  Tery  precieel;  opon 
it.  Clamp  the  instrmuent.  Measure  from  A  to  B.  Then  tnm 
over  the  telescope,  and  set  another  atal^e  at  an  equal  distance  from 
the  transit,  and  also  precisely  in  the  line  of  sight.  If  the  line  of 
ooUimation  has  not  continued  in  the  same  plane  during  it«  luUf- 
revolntioD,  this  stake  will  not  he  at  E,  hut  to  one  side,  as  at  C. 
To  discover  the  truth,  loosen  the  clamp  and  torn  the  vernier-plate 
half  around  without  touching  the  telescope.  Sight  to  B,  as  at  first, 
and  again  olamp  it.  Then  turn  over  the  telescope,  and  the  line  of 
aight  will  strike,  as  at  D  in  the  Sgnre,  aa  far  to  the  right  of  the 
point  as  it  did  hefore  to  its  left 

Rectification.  The  fault  which  is  to  be  rectified  is  that  the 
line  of  collimation  of  the  telescope  is  not  perpendicular  to  the  hori- 
zontal axis  on  which  the  telescope  rerolTCs.     This  will  be  seen  hj 

Fid.  S38. 


the  figures,  which  represent  the  position  of  the  lines  in  each  of  the 
four  observations  which  have  been  made.  In  each  of  the  figures 
the  long,  thick  line  represente  the  telescope,  and  the  short  one  the 
axis  on  which  it  turns.  In  Fig.  233  the  line  of  sight  is  directed  to 
B.  In  Fig.  234  the  telescope  has  been  turned  over,  and  with  it  the 
axis,  so  that  the  obtuse  angle  marked  0  in  the  first  figure  has 
taken  the  place,  O',  of  the  acute  angle,  and  the  telescope  points  to 
0  instead  of  to  E.    In  Fig.  235  the  vemier-plate  has  been  tnrpod 
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half  aromid  so  as  to  point  to  B  again,  and  the  same  obtuse  angle 
has  got  around  to  0'.  In  Fig.  236  the  telescope  has  been  turned 
over,  the  obtuse  angle  is  at  0",  and  the  telescope  now  points  to  D. 

To  make  the  lino  of  collimation  perpendicular  to  the  axis,  the 
former  must  hare  its  direction  changed.  This  is  eSectcd  by  mov- 
ing the  yertical  hair  the  proper  distance  to  one  side.  By  loosen- 
ing the  left-hand  screw  and  tightening  the  right-hand  one,  the 
ring,  and  with  it  the  cross-hairs,  will  be  drawn  to  the  right,  and 
vice  versa.  Two  holes  at  right  angles  to  each  other  pass  through 
the  outer  heads  of  the  screws.  Into  these  holes  a  stout  steel  wire 
is  inserted,  and  the  screws  can  thos  be  turned  around.  Screws  so 
made  are  called  "capstan-headed."  One  of  the  other  pair  of 
screws  may  need  to  he  loosened  to  avoid  straining  the  threads.  In 
some  French  instruments,  one  of  each  pair  of  screws  is  replaced  hy 
a  spring. 

To  find  how  much  to  move  this  vertical  hair,  measDre  from  0 
to  D,  Fig.  332  :  Set  a  stake  at  the  middle  point  E,  and  set  another 
at  the  point  F,  midway  between  D  and  E.  Move  the  vertical  hair 
till  the  line  of  sight  strikes  F.  Then  the  instrument  is  adjusted ; 
and,  if  the  line  of  sight  be  now  directed  to  £,  it  will  strike  B  when 
the  telescope  is  turned  over,  since  the  hair  is  moved  half  of  the 
doubled  error,  D  E.  The  operation  will  generally  require  to  be 
repeated,  not  being  quite  perfected  at  first. 

It  should  be  remembered  that,  it  the  telescope  used  does  not 
invert  objects,  its  eye-piece  will  do  so.  Consequently,  with  such  a 
telescope,  if  it  seems  that  the  vertical  hair  should  be  moved  to  the 
left,  it  must  be  moved  to  the  right,  and  vice  versa.  An  inverting 
telescope  does  not  invert  the  cross-hairs. 

If  the  yonng  surveyor  has  any  doubts  as  to  the  perfection  of 
his  rectification,  he  may  set  another  stake  exactly  under  the  instra* 
ment  by  means  of  a  plumb-line  suspended  from  its  oenter;  and 
then,  in  like  manner,  set  his  transit  over  B  or  E.  He  will  find 
that  the  other  two  stakes,  A  and  the  extreme  one,  are  in  the  same 
straight  line  with  his  instrument. 

In  some  instruments,  the  horizontal  axis  of  the  telescope  can  be 
taken  out  of  its  supports  and  turned  over,  end  for  end.  In  aach  a 
case,  the  line  of  sight  may  be  directed  to  any  well-defined  point, 
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and  the  axis  then  taVcn  out  and  tamed  over.     If  the  line  of  Bight 
again  strikes  the  same  point,  this  line  is  perpendicalar  to  the  axis. 


-^—^ 


If  not,  the  apparent  error  is  doable  the  real  error,  aa  appears  from 
the  figaree,  the  obtuse  angle  0  coming  to  0',  and  the  desired  per- 
pendicalar line  fulling  at  C  midway  between  B  and  B',  The  recti- 
fication may  be  mode  as  before  ;  or,  in  some  large  inatrumente,  in 
vhich  the  telescope  is  supported  on  Ya,  by  moTing  one  of  the  Vb 
laterally. 

824.  Third  Adjnitment  To  cause  the  line  of  collimaiion  io 
revolve  in  a  vertical  plane. 

Verification.  Saspend  a  long  plumb-line  from  some  high  point. 
Set  the  instrument  near  this  line,  and  level  it  carefully.  Direct 
the  telescope  to  the  plainb-line.  and  see  if  the  intersection  of  the 
cross-hairs  follows  and  remains  upon  this  line  when  the  telescope 
is  turned  ap  and  downi     If  it  docs,  it  moves  in  a  vertical  plane. 

The  angle  of  a  new  and  well-built  house  will  form  an  imperfect 
sabstitute  for  the  plumb-line. 

Otherwise:  The  instrument  being  set  up  and  leveled  as  above, 
place  a  basin  of  some  reflecting  liquid  (quicksilver  being  the  best, 
though  molasses,  or  oil,  or  even  water  will  answer,  though  less  per- 
fectly)  so  that  the  top  of  a  steeple,  or  other  point  of  a  high  object, 
can  be  seen  in  it  through  the  telescope  by  reflection.  Make  the 
intersectioo  of  the  cross-hairs  cover  it.  Then  turn  up  the  tele- 
scope, and,  if  the  intersection  of  the  cross-hairs  bisects  also  the 
object  seen  directly,  the  line  of  sight  has  moved  in  a  vertical  plane 
If  a  star  be  taken  as  the  object,  the  star  and  its  reflection  will  be 
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equivalent  (if  it  be  nearlj  overhead)  to  a  plnmb-line  at  least  fifty 
million  million  miles  long. 

Otherwise:  Set  the  iostrumcnt  as  close  as  posaihle  to  the  base 
of  a  steeple  or  other  high  object ;  level  it,  and  direct  it  to  the  top 
of  the  Bteeple,  or  to  some  other  elevated  and  well- 
defined  point  Clamp  the  plates.  Turn  down  the  ^^■^*- 
telescope,  and  set  up  a  pin  in  the  ground  precisely  "in 
line."  Then  loosen  the  clamp,  turn  over  the  telescope, 
and  turn  it  half-way  around,  or  so  far  as  to  again 
sight  to  the  high  point.  Clamp  the  plates,  and  again 
tarn  down  the  telescope.  If  the  line  of  sight  again 
strikes  the  pin,  the  telescope  has  moved  in  a  vertic^ 
plane.  If  not,  the  apparent  error  is  double  the  real 
error.  For,  let  S  be  the  top  of  the  steeple  (Fig.  239), 
and  V  the  pin ;  tlien  the  plane  in  which  the  telescope 
moves,  seen  edgewise,  is  S  P' ;  and,  after  being  turned  around, 
the  line  of  sight  moves  in  the  plane  S  P",  us  far  to  one  side  of 
the  vertical  plane  S  P  as  S  P'  was  on  the  other  side  of  it. 

Rectification.  Since  the  second  adiustment  causes  the  line  of 
eight  to  move  in  a  plane  perpendicular  to  the  axis  on  which  il 
turns,  it  will  move  in  a  vertical  plane  if  that  azis  be  horizontal 
It  can  be  made  so  by  raising  or  lowering  one  end  of  the  axis  by 
means  of  a  screw  placed  in  the  standard  for  that  purpose. 

38S.  Centering  Eye-Pleise.  In  some  instruments,  such  as  that 
of  which  a  longitudinal  section  is  shown  on  page  220,  the  inner 
end  of  the  eye-piece  may  be  moved  so  that  the  cross^hairs  shall  be 
seen  precisely  in  the  center  of  its  field  of  view.  This  is  done  by 
means  of  four  screws,  arranged  in  pairs,  like  those  of  the  crose-hair 
ring-screws,  and  capable  of  moving  the  eye-piece  up  and  down,  and 
to  right  or  left,  by  loosening  one  and  tightening  the  opposite  one. 
Two  of  them  are  shown  at  A,  A,  in  the  fignre,  in  which  B,  B,  are 
two  of  the  cross-hair  screws. 

326.  Centering  0>iect-OlaM.  In  some  instruments  four  screwe, 
similarly  arranged,  two  of  which  arc  shown  at  C,  C,  can  move,  in 
any  direction,  the  inner  end  of  the  slide  which  carries  the  object- 
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glua.     The  neceedtj  for  such  an   arrangement  arises  from  the 
impossibility   of   drawing   a    tube   perfectly 
i— !!!!iL^>i  straight     Goneequently,  the  line  of  collima- 

^— ^^^«jt  tion,  when   the   tube  is  drawn  in,   will  not 

coincide  with  the  same  line  when  the  tube 
is  poshed  out  If  adjusted  for  one  position, 
it  will  therefore  be  wrong  for  the  other. 
These  screws,  however,  can  make  it  right 
in  both  positions.  They  are  nsed  as  fol- 
lows : 

Sight  to  some  well-defined  point  as  far  o3 
as  it  can  be  distinctly  seen.  Then,  baving 
the  plates  firmly  clamped,  move  out  the  ob- 
jcct-glaas  elide,  and  fix  a  point  in  the  line  of 
sight  as  close  to  the  instrumeDt  as  can  be 
distinctly  seen.  Then  turn  the  limb  half- 
way around  horizontally,  reverse  the  tele- 
scope, and  again  sight  to  the  near  point,  by 
clumping  the  plat«s  and  bringing  the  verti- 
cal cross-hair  on  the  point  by  means  of  the 
tangent-screw.  Then  draw  in  the  object- 
glass  slide  until  the  distant  object  is  distinct- 
ly seen.  If  the  vertical  croas-hair  bisects  it, 
no  adjustment  ia  necessary.  If  not,  correct, 
one  half  of  the  apparent  error  by  means  of 
the  screws  C  C  in  Fig,  240.  This  may  dis- 
turb the  second  adjustment.  Try  that  over 
again,  and  again  perform  the  operation  of 
cenfering  the  object-glass. 

This  adjustment  is  always  performed  by 
the  maker,  and  its  screws  are  covered  by  a 
short  tube. 

All  the  adjustments  should  be  meddled 
with  as  little  as  possible,  lest  the  acrews 
should  get  loose  ;  and,  when  once  made 
right,  they  should  be  kept  so  by  careful 
usage. 
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3S7.  Fourth  A^jnitintat.  To  cause  the  line  of  cotlimaiion  of  the 
telescope  to  be  Itorizontal  when  the  bubble  of  the  level  attacked  to  it 
is  in  the  center  of  its  tube. 

Drive  two  pegs  seTeral  bnndred  feet  apart,  and  set  the  instrn- 
meiit  midway  between  them.  Level,  and  eight  to  the  rod  held  on 
each  peg.  The  difterence  of  the  readinga  will  be  the  trne  differ- 
ence  of  the  heights  of  the  pegs,  no  matter  how  much  the'  temi 
may  be  oat  of  adjnstment. 

Then  set  the  instmment  over  one  peg,  and  eight  to  the  rod  held 
at  the  other.  Measare  the  height  of  the  croes-hairs  above  the  first 
peg.  The  difference  of  this  height  and  the  reading  on  the  rod 
should  equal  the  difference  of  the  heights  of  the  two  points,  as 
previoasly  determined.  If  it  does  not,  set  the  target  to  the  sum  or 
difference  of  the  height  of  the  cross-hairs  above  the  first  peg  and 
the  true  differeoce  of  height  of  the  points,  according  as  the  first 
poiat  is  higher  or  lower  than  the  second,  and  hold  the  rod  on  the 
second  point.  Sight  to  it,  and  raise  or  lower  one  end  of  the  bnbble- 
tnbe  nntil  the  horizontal  cross-hair  does  bisect  the  target  when  the 
bubble  is  in  the  center. 

Instead  of  setting  over  one  peg,  it  is  generally  more  convenient 
to  set  near  to  it,  and  sight  to  a  rod  held  on  it,  and  ose  this  reading 
instead  of  the  measnred  height  of  the  cross-hairs. 

328.  Fifth  Adjtutment  To  make  the  vernier  of  the  vertieal 
circle  read  zero  when  the  bubble  of  the  telescope 'level  is  in  the 
center. 

This  is  verified  in  Tarious  ways : 

1.  By  simple  inspection. 

a.  By  reversion.  Sight  to  some  point.  Note  the  reading  on 
the  vertical  circle.  Turn  the  telescope  half-way  around  horizon- 
tally. Turn  over  the  telescope  and  again  observe  the  same  point, 
and  note  the  reading.  Half  the  difference  (if  any)  of  the  two  read- 
ings ia  the  error. 

3.  By  reciprocal  observations.  Observe  successively  from  each 
of  two  x>oint3  to  the  other.  Half  the  difference  of  the  readings 
equals  the  index-error. 

When  thd  verification  has  been  made,  the  error  may  be  rectified 
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on  the  ioBtrument  by  moTing  the  Ternier-iilate,  or  the  circle,  ot 
noted  as  a  correction  to  each  ob8er\ation  when  the  instrument  is 
large  and  delicate. 

THE  FISZJ>-WOBK. 
329.  To  meanire  a  Horizontal  Angle.  Set  np  the  instmment 
BO  that  its  center  shall  be  exactly  over  the  angular  point,  or  in  the 
interBectioQ  of  the  two  lines  whose  difference  of  direction  la  to  be 
measured,  aa  at  B  in  the  fignrc.  A  plumb-line  must  be  suspended 
from  under  the  center.  Dropping  a  atone  is  an  imperfect  substi- 
tute for  this.  Set  the  iDStm- 
ment  bo  that  its  Uwer  paral* 
lei  plate  may  be  as  nearly  hor- 
izontal as  possible.  The  lev- 
els will  serve  as  guides  if  the 
four  parallel-plate  screws  be 
first  so  screwed  np  or  down  that  equal  lengths  of  them  shall  be 
above  the  upper  plate.  Then  level  the  instrument  carefnlly. 
Direct  the  telescope  to  a  rod,  stake,  or  other  object,  A  in  the 
figure,  on  one  of  the  lines  which  form  the  angle.  Tighten  the 
clamps,  and  by  the  tangent-screw  move  the  telescope  so  that  the 
intersection  of  the  cross-haira  shall  very  precisely  bisect  this  ob- 
ject Note  the  reading  of  the  vernier.  Tlien  loosen  the  clamp 
of  the  vernier,  and  direct  the  telescope  on  the  other  line  (as  to  C) 
precisely  as  before,  and  again  read.  The  difference  of  the  two 
readings  will  be  the  desired  angle,  ABC.  Thus,  if  the  first  read- 
ing had  been  40°  and  the  last  190°,  the  angle  would  be  150°.  If 
the  vernier  had  passed  360°  in  turning  to  the  second  object,  360° 
should  be  added  to  the  last  reading  before  subtracting.  Thus,  if 
the  first  reading  had  been  300°,  and  the  last  reading  90°,  the  an- 
gle would  bo  found  by  calling  the  last  reading,  as  it  really  is, 
300°  -f  90°  =  450°,  and  then  subtracting  300°. 

It  is  best  to  sight  first  to  the  left-hand  object  and  then  to  the 
right-band  one,  turning  "with  the  sun"  or  like  the  bands  of  a 
watch,  since  the  numbering  of  the  degrees  neually  runs  in  that 
direction. 

It  is  convenient,  though  not  necessary,  to  begin  by  setting  the 
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vernier  at  zero  by  the  upper  movement  (that  of  the  vernier-plate 
OD  the  circle),  and  then,  by  means  of  the  lower  motion  (that  of  the 
vliole  instrument  ou  its  axis),  to  direct  the  telescope  to  the  first 
object  Then  fasten  the  lower  clamp,  and  sight  to  the  second 
object  as  before.  Tlie  reading  will  then  be  the  angle  desired.  An 
objection  to  this  is  that  the  two  verniers  seldom  read  alike.* 

After  one  or  more  angles  have  been  observed  from  one  point, 
the  telescope  must  be  directed  back  to  the  first  object,  and  tho 
reading  to  it  noted,  so  as  to  make  snre  that  it  has  not  slipped.  A 
watch- telescope  renders  this  unnecessary. 

The  error  arising  from  the  instrument  not  being  set  precisely 
over  the  center  of  the  station  will  be  greater  the  nearer  the  object 
sighted  to.  Thos,  a  difference  of  one  inch  would  canse  an  error  of 
only  3"  in  the  apparent  direction  of  a.i  object  a  mile  distant,  but 
one  of  nearly  3'  at  a  distance  of  a  hundred  feet. 

330.  B«diictioii  of  High  and  low  Olgeotii  When  one  of  the 
objects  sighted  to  is  higher  than  the  other,  the  "plunging  tele- 
scope" of  this  instrument  causes  the  angle  measured  to  be  the 
true  horizontal  angle  desired — i.  e.,  the  same  angle  as  if  a  point 
exactly  under  the  high  object  and  on  a  level  with  the  low  object 
(or  vice  versa)  bad  been  sighted  to.  For  the  telescope  has  been 
caused  to  move  in  a  vertical  plane  by  the  third  adjustment,  and 
the  angle  measured  is  therefore  the  angle  between  the  vertical 
planes  which  pass  through  the  two  objects,  and  which  "project" 
the  two  lines  of  siglit  on  the  same  horizontal  plane. 

This  constitntes  the  great  practical  advantage  of  these  instru- 
ments over  those  which  are  held  in  tho  planes  of  the  two  objects 
observed,  such  as  tho  sextant  and  the  "circle,"  much  used  by  the 
French. 

331.  Hotation  of  Anglei.  The  angles  observed  may  be  noted 
in  various  ways.     Thus,  the  observation  of  the  angle  ABC,  in 


"  The  learner  will  do  well  lo  gauge  hta  own  precision  and  thnt  at  the  ii 
,'»nd  he  may  roat  asgtircd  that  hig  own  will  be  the  one  chiefly  la  fault)  by  measoring, 
from  any  sUiion,  the  angles  between  Bucceasive  points  all  around  him,  till  he  %'Xi 
back  to  the  first  pu^nt.  beginning  at  different  parts  of  the  circle  tor  each  angle.  The 
mm  of  all  these  aD;;lc3  tiuyidd  exactly  equal  890°.  He  «U1  probably  find  quite  a 
difFerenoe  from  that. 
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Fig.  241,  may  be  noted  "  At  B.  from  A  to  C,  l."»C°,"  or,  better, 
"At  B,  between  A  and  C,  150°."     In  column  form,  th'8  becomes 
Betveen  A 150"  land  C. 
At  -      1   B  I 

When  the  vernier  had  been  set  at  zero  before  sighting  to  the 
Bret  object,  and  other  objects  were  then  sighted  to,  those  objects, 
the  readings  to  which  were  less  than  180°,  will  be  on  the  left  of  the 
first  line,  and  those  to  which  the  readings  were  more  than  180°  will 
be  on  its  right,  looking  in  the  direction  in  which  the  survey  is  pro- 
ceeding, from  A  to  B,  and  so  on. 

In  sarveying  a  farm,  the  angle  of  deflection  at  station,  or  the 
traverse  angle,  may  be  noted,  together  with  the   lengths  of  the 


338.  To  repeat  an  Angle,  Begin  as  in  Art  339,  and  measnre 
the  angle  as  there  directed.  Then  nnclamp  below,  and  tnm  the 
circle  aronnd  till  the  tele8Co]>e  is  again  directed  to  the  first  object, 
and  made  to  bisect  it  precisely  by  the  lower  tangent-sci'cw.  Then 
anclamp  above  and  turn  the  vernier-plate  till  the  telescope  again 
points  to  the  second  object,  the  lirst  reading  remaining  unchanged. 
The  angle  will  now  have  been  measured  a  second  time,  bnt  on  a 
part  of  the  circle  adjoining  that  on  which  it  wus  first  measured, 
the  second  arc  beginning  where  the  first  ended.  The  difierence  be- 
tween the  first  and  last  readings  will  therefore  be  twice  the  angle. 

This  operation  may  be  repeated  a  third,  a  fourth,  or  any  num- 
ber of  timc3,  always  turning  the  telcEcope  back  to  the  first  object 
by  the  lower  movement  (so  as  to  start  with  the  reading  at  which 
the  preceding  observation  left  off),  and  turning  it  to  the  second 
object  by  the  upper  movement.  Take  the  difference  of  the  first 
and  last  readings  and  divide  by  the  number  of  observations. 

The  advantage  of  this  method  is  that  the  errors  of  observation 
(i.  c,  sighting  sometimes  to  the  right  and  sometimes  to  the  left  of 
the  true  point)  balance  each  other  in  a  number  of  repetitions, 
while  the  constant  error  of  graduation  is  reduced  in  proportion  to 
this  number.  This  beautiful  principle  has  some  imperfections  in 
practice,  probably  arising  from  the  slipping  and  straining  of  the 
clamps. 
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333.  Angles  of  Deflection.  The  angle  of  deflection  of  one  line 
from  another  is  the  angle  which  one  line  makes  with  the  other  line 
prodnced.  Thns,  in  the 
figure,  the  angle  of  deflec- 
tion of  B  C  from  A  B  is 
B'  B  C.  It  ia  evidently  the 
Bopplement  of  the  angle 
ABC. 

To  measure  it  with  the  Transit,  set  the  instmrnent  at  B,  direct 
the  telescope  to  A,  and  then  tarn  it  over.  It  will  now  point  in  the 
direction  of  A  B  prodnced,  or  to  B',  if  the  eecond  adjustment  has 
been  performed.  Note  the  reading.  Then  direct  the  telescope  to 
C.  Note  the  new  reading,  and  their  difference  will  be  the  »• 
qnired  angle  of  deflection,  B'  B  G. 

If  the  vernier  he  set  at  zero  before  taking  the  flret  observation, 
the  readings  for  objects  on  the  right  of  the  first  line  will  be  less 
than  180°,  and  more  than  180°  for  objects  on  the  left,  oonversely 
to  Art.  831. 

334.  Line  ■  Sorveying.  The  sorvey  of  a  line,  snch  as  a  road, 
etc.,  can  be  made  by  the  transit  with  great  precision,  measuring 
the  angle  which  each  line  makes  with  the  precedin;;  line,  and 
noting  their  lengths,  and  the  necessary  offsets  on  each  side. 

Short  lines  of  sight  should  be  avoided,  since  a  slight  inaccuracy 
in  setting  the  center  of  the  instmrnent  exactly  over  or  under  the 
point  previously  sighted  to  would  then  much  affect  the  angle. 
Very  great  accuracy  can  be  obtained  by  using  three  tripods.  One 
would  be  set  at  the  first  station  and  sighted  back  to  from  the 
instrument  placed  at  the  second  station,  and  a  foi-ward  sight  be 
then  taken  to  the  third  tripod  placed  at  the  third  station.  The 
instrument  would  then  be  set  on  this  third  tripod,  a  back-sight 
taken  to  the  tripod  remaining  on  the  second  station,  and  a  fore- 
sight taken  to  the  tripod  bronght  from  the  first  station  to  the 
fourth  station,  to  which  the  instrnment  is  neit  taken,  and  so  on. 
This  is  especially  valuable  in  surveys  of  mines. 

The  field-notes  may  be  taken  as  directed  in  compass-surve^ng, 
the  angles  taking  the  place  of  the  bearings.     The  "cheeks  by 
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interaecting  bearings,"  before  explained,  ehonld  also  be  employed. 
The  angles  made  on  each  side  of  the  stations  may  both  be  meas- 
ured, and  the  equality  ot  their  suoi  to  360°  would  at  oDce  prove 
the  accuracy  of  the  work. 

If  the  magnetic  bearing  of  any  one  of  the  lines  be  given,  and 
that  of  any  of  the  other  lines  of  the  series  be  required,  it  can  be 
deduced  by  constructing  a  diagram,  or  by  modtGcationa  of  the 
rales  giren  for  the  reverse  objeei 

335.  TnTenlng ;  or,  mrTeyiiig  by  the  Baek-An|;K    This  is  a 
method  of  observing  and  recording  the  different  directions  of  suc- 
cessive portions  of  a  line 
(snch  as  a  road,  the  bound- 
fl  of  a  farm,  etc.),  so  aa 
to  read  oS-  on  the  instru- 
ment, at  each  station,  the 
-v~y —  angle    which     each     line 

makes — not  with  the  pre- 
ceding line — but  with  the  first  line  observed,  or  some  other  con- 
stant line.  This  line  is,  therefore,  called  the  meridian  of  that  sur- 
vey. 

The  operation  consists  essentially  in  taking  each  back-sight  by 
the  lower  motion  (which  turns  the  circle  without  changing  the 
reading),  and  taking  each  forward  sight  by  the  upper  motion, 
which  moves  the  vernier  over  the  are  meafiuring  the  new  angle; 
and  thus  adds  it  to  or  subtracts  it  from  the  previous  reading. 

Set  up  the  instrument  at  some  station,  as  B  ;  put  the  vernier  at 
zero,  and,  by  the  lower  motion,  sight  back  to  A.  Tighten  the 
lower  olamp,  reverse  the  telescope,  loosen  the  upper  clamp,  sighc 
to  C  by  the  upper  motion,  and  clamp  the  vornier-plate  again.  Be- 
move  the  instmment  to  C,  sight  back  to  B  by  the  lower  motion. 
Then  clamp  below,  reverse  the  telescope,  loosen  the  upper  clamp, 
and  sight  to  D  by  the  upper  motion.  Then  go  to  D  and  pro- 
ceed  OB  at  C  ;  and  so  on.  The  reading  gives  the  angles  measured 
to  the  right  or  "with  the  sun,"  as  shown  by  the  arcs  in  the 
figure. 

Care  should  be  taken  to  keep  the  same  side  of  the  inatniment 
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ahead,  and,  if  odIj  one  vernier  is  read,  to  read  from  the  eame  ver- 
nier. 

The  chief  advantage  of  this  method  is  its  greater  rapidity  in 
the  field  and  in  platting,  the  angles  being  all  laid  down  from  one 
meridian,  as  in  compass-anrTejing. 

336.  TTu  of  tho  Compaw.  The  chief  ase  of  the  compass  at- 
tached to  a  transit  is  as  a  check  on  the  observations ;  for  the 
difference  between  the  magnetic  hearings  of  anj  two  lines  shonld 
be  the  same,  approximately,  as  the  angle  between  them,  meusnrod 
by  the  more  accurate  instruments.  Tho  bearing  also  prevents  any 
smbignity  as  to  whether  an  angle  was  taken  to  the  right  or  to 
the  left 

The  instrament  may  also  be  nsed  like  a  simple  compass,  the 
telescope  taking  the  place  of  the  sights,  and  requiring  similar  testa ' 
of  accuracy.  A  more  precise  way  of  taking  a  bearing  is  to  turn 
the  plate  to  which  the  compass-box  is  attached,  till  the  needle 
points  to  zero,  and  note  the  reading  of  the  vernier ;  then  sight  to 
the  object,  and  again  read  the  vernier.  The  bearing  will  thus  be 
obtained  more  minutely  than  the  divisions  on  the  compass-box 
could  give  it. 

337.  Eangrlng  ont  Linn.  This  is  tho  converse  of  surveying- 
lines.  The  instrument  is  fixed  over  the  first  station  with  great 
precision,  its  telescope  being  very  carefully  adjusted  to  move  in  a 
Tertical  plane.  A  series  of  stakes,  with  nails  driven  in  their  tops, 
or  otherwise  well  defined,  are  then  set  in  the  desired  line  as  far  as 
the  power  of  the  instrument  extends.  It  is  then  taken  forward  to 
a  stake  three  or  fonr  from  the  last  one  set,  and  is  fixed  over  it, 
first  by  the  plnmb  and  then  by  sighting  backward  and  forward  to 
the  first  and  last  stake.  The  line  is  then  continued  as  before.  A 
good  object  for  a  long  sight  is  a  board  painted  like  a  target,  with 
block  and  white  concentric  rings,  and  made  to  slide  in  grooves  cut 
in  the  tops  of  two  stakes  set  in  the  ground  about  in  the  line.  It 
is  moved  till  the  vertical  hair  biKecta  the  circles  (which  the  eye 
can  determine  with  great  precision),  and  a  plumb-line  dropped 
from  their  center  gives  the  place  of  the  stake.  "  Mason  and  Di^ 
on's  Line"  was  thus  ranged. 


byGoogIc 


838  LAND-SURVEYINQ. 

When  the  transit  is  need  for  ranging,  its  "Second  Adjnet- 
ment "  is  most  important,  to  insure  ttie  accaracy  of  the  reversal  of 
ite  telescope. 

838.  Farm-SiUTeyllig,  etc.  A  farm  can  be  much  more  acca- 
ratelj  snrveyed  vith  the  transit  than  with  the  compass.  The  farm 
Ehonid  be  kept  on  the  right  hand,  and  then  the  angles  measared 
will  be  the  supplements  of  the  interior  angles.  If  the  angles  to  the 
right  be  called  positive,  and  those  to  the  left  negative,  their  alge- 
braic sum  shonld  equal  360°. 

If  the  boundary-] ines  be  surveyed  by  "  Traversing,"  the  read- 
ing, on  getting  back  to  the  last  station  and  looking  back  to  the 
first  line,  should  be  360',  or  0°. 

The  content  of  any  rarface  surveyed  by  "  Traversing  "  with  the 
transit  can  be  calculated  by  the  traverse-table,  by  the  following 
modification  :  When  the  angle  of  deflection  of  any  side  from  the 
first  side,  or  meridian,  is  less  than  90°,  call  this  angle  the  bearing, 
find  its  latitude  and  departure,  and  call  them  both  plun.  When 
ihe  anj^  is  between  90°  and  180°,  call  the  difference  between  the 
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aax^d  and  180°  the  bearing,  and  call  ite  latitude  minug  and  ite  de- 
Tpexiweplus.  When  the  angle  ie  between  180°  and  270°,  call  its 
difference  from  180°  the  bearing,  and  call  its  latitude  minus  and 
its  departure  minus.  When  the  angle  Ib  more  than  270°,  call  its 
difference  from  360°  the  bearing,  and  call  its  latitude  ^Jus  and  its 
departure  minus.  Then  use  theae  aa  in  getting  the  content  of  a 
compaos-anrvey.  The  eigns  of  the  latitudes  and  departures  follow 
those  of  the  cosines  and  sines  in  the  Bucceasive  quadrants. 

Fig.  241  is  a  plat  of  the  surrey  worked  out  in  Art.  255. 

The  following  table  gives  the  deflection  angle  at  each  station, 
the  traverse  angle  (i.  e.,  the  angle  which  each  line  mabes  with  the 
first  one),  and  the  reduced  bearing,  calling  the  first  line  (1  to  2) 
the  meridian  : 


„.„™. 

_™„„™.^ 

^™_™„ 

i«ua^ 

0°orB60° 

North. 
N.  481-  K. 
S.  88-  t 
B.  (•  E. 
8.  88i°  W. 

If  the  deflection  angle  at  station  1  (91i°)  be  added  to  the  trav- 
eree  angle  at  station  5,  the  sum  will  be  360°. 

Any  side  may  be  taken  as  the  meridian  of  the  surrey. 

If  the  true  bearing  of  one  side  be  known,  the  true  bearings  of 
the  other  sides  may  be  determined  by  Art.  189. 

The  content  is  calculated  by  latitudes  and  departures,  as  in 
compass-surrey  i  n  g. 

The  Utitudea  and  departures  may  be  taken  from  the  tables,  in- 
terpolating for  minutea  as  in  Art.  242,  or  they  may  be  calculated 
with  a  table  of  natnral  sines  and  cosines,  as  in  Art.  240. 

FIELD-BOOK. 


«*r»«». 

«™,»0,».«^K«. 

r»r«K»™c™uo». 

1 

82°  15' 

4-64 

86°  88' 

8-60 

8 

69''  20' 

4-16 

1 

80"    a' 

4-23 

6 

71°  41' 

8-26 
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! 

-^ 

1 

4-64 

4-16 
4-22 
8'SS 

■00000 
■998a7 
■Antf9S 
■72016 
-88499 

1-000IX> 
-06873 
-8^871 
■89882 
■46681 

TO^  l"^^  Zio';"'  ""'"""^ 

4'64          ,0-00 
0-21'          8-89 

^'44  2-32 

■^■93 
1-82 

_|             ||      ♦ 

- 

+  00°,  00'  + 
+  89°,  88'  + 
-Si',    2'  + 
-49°,    4'- 
+  92°,  IB'- 

O-OOjO-OOOO 

1+3-59  1  -less 

+  9-60  ,1 
B'04  +8-78! 
2-87  +8-87,   4-3624 

32-6800 
a8-72&4 

6-37  8-87.5-81 

5'9ll            ll  8-1193  &8'40fr4' 

a)63^BBl" 
Sqiure  drains,      28-6446 

339.  When  the  lengths  of  the  sides  are  measured  with  wa  engi- 
neer's chain,  and  the  diBtances  are  determined  in  feet,  the  procese 
of  calculating  the  area  is  tlie  same  as  for  chains  and  dccininls.  The 
area  is  obtained  in  square  feet  instead  of  square  chains,  and  to 
reduce  it  to  acres  it  will  he  necessary  to  divide  by  43560,  the  num- 
ber of  sqnare  feet  in  an  acre. 

340.  Platting,  Any  of  these  Eurveye  can  be  platted  by  any  of 
the  methods  ex)>lained  and  characterized  in  Chapter  III.  A  circu- 
lar protractor  may  be  regarded  as  a  theodolite  placed  on  the  paper. 
"Platting  Bearings  "can  be  employod  when  the  purvey  has  been 
made  by  "Traversing."  But  the  method  of  "Latitudes  and  de- 
partures "  is  by  far  the  moit  accurate. 

THE  OBASIEirrXB. 

311.  This  is  an  attachment  to  the  transit  for  determining  grades 
%Dd  distances.  It  consists  of  an  arm,  attached  to  the  axis  of  the 
telescope,  and  a  micrometer-screw,  by  means  of  which  the  move- 
ment of  the  arm,  and  conseqnently  of  tlie  telescope,  can  be  accu- 
rately measured. 

The  arm  is  placed  on  the  inside  of  one  of  the  standards,  and  is 
attached  to  the  telescope  axis  by  means  of  a  clamp-screw,  so  that 
it  may  be  clamped  or  loosened  at  pleasure. 
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The  method  of  measuring  the  movement  of  the  arm  is  shown 
in  Fig.  245. 

0  ie  a  section  of  the  asis  of  the  telescope.     B  is  the  arm,  which 


is  clamped  to  the  axis  by  the  screw  D.  M  is  the  micrometer-screw. 
A  is  a  lip  projecting  from  a  plate  fastened  to  the  standards. 

The  screw  is  accurately  cut,  so  that  one  reTolntion  of  the  screw 
will  canse  the  horizontal  cross-hair  of  the  telescope  to  move  over  a 
girea  space  (say  one  foot)  on  a  rod  held  at  a  given  distance,  as  100 
feet.  The  head  of  the  screw  is  graduated  into  equal  parte,  usually 
50  or  100.  Above  the  graduated  head  is  a  scale  so  graduated  that 
one  revolution  of  the  screw  will  move  the  head  over  one  space  ou 
the  scale.  Thus  the  number  of  whole  revolutions  given  to  the 
screw  may  be  read  on  the  scale,  and  the  parts  of  a  revolution  read 
on  the  graduated  head. 

The  point  of  the  screw  presses  against  the  lip,  A,  and  is  held 
firmly  against  it  by  the  opposing  spiral  spring,  S. 

When  the  arm  is  made  fast  to  the  axis  by  the  clamp-screw,  D, 
and  the  gradionter-screw,  M,  is  turned,  it  will  turn  the  telescope 
vertically  on  its  axis,  and  the  distance  which  the  horizontal  cross- 
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batr  will  pass  over  on  a  rod,  toward  vbich  the  telescope  is  pointed, 
will  vary  directly  with  the  dietance  front  the  transit  to  the  rod. 

342.  To  Mtabliih  Gndea,  Let  as  suppose  that  one  revolatioa 
of  the  gradienter-Bcrew  will  move  the  horizontal  cross-hair  over  a 
space  of  one  foot,  on  a  rod  held  at  a  distance  of  100  feet  from  the 
transit.  Then,  to  set  grades,  we  hare  only  to  level  the  telescope, 
clamp  the  gradienter-arm,  and  turn  the  micrometer-screw  throngh 
as  many  divisions  of  the  head  (graduated  into  100  parte)  as  there 
are  hundredths  of  a  foot  rise  or  fall  per  hundred  feet  of  horizontal 
distance ;  raising  the  cross-hair  for  aa  ap-grade,  and  lowering  it 
for  a  down-grade.  The  line  of  sight  will  then  be  on  the  required 
grade. 

If  the  transit  be  set  over  a  point  of  the  reqnired  grade-line,  sot 
ths  target  on  the  rod  at  the  height  of  the  center  of  the  telescope- 
asis  above  the  given  point,  and  then  the  bottom  of  the  rod,  held 
at  any  point  on  the  line,  will  be  at  a  point  in  the  desired  grade- 
line  when  the  horizontal  cross-hair  bisects  the  turget. 

Thire,  if  the  grade  is  to  be  1-64  feet  per  hundred,  turn  the 
screw  one  entire  revolution  and  64  of  the  divisions  on  the  gradu- 
ated head,  and  the  line  of  sight  will  then  be  on  the  required  grade. 

343.  To  meamre  DistanoM.  When  the  groand  is  level  or  ap- 
proximately BO,  see  what  space  on  the  rod  the  horizontal  cross-hair 
moves  over  for  one  revolution  of  the  gradienter-screw.  Then  the 
distance  in  feet  will  be  equal  to  the  space  on  the  rod,  expressed  in 
feet  and  decimals,  multiplied  by  100. 

Thus,  if  the  space  on  the  rod,  moved  over  by  the  cross-hair 
^^  g^  for   one   revolution  of 

the   gradienter  -  screw, 
was  4-37  feet,  the  dis- 
tance at  which  the  rod 
B  held  was  427  feet. 
For,  in  Fig.  846,  let 
A  be  the  position  of  the  transit ;  C  B,  the  reading  on  the  rod,  held 
at  a  distance  of  100  foot,  for  one  revolation  of  the  screw  ;  and  D  E 
the  space  passed  over  on  the  rod  for  one  revolution  of  the  screw 
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when  the  rod  ia  held  at  the  unknown  diatance  A  D.    It  is  evi- 
deal  that  the  triangles  ABC  and  A  D  K  are  similar,  and  that 
OB:AB:;ED:AD, 
or,     1  :  100  ::  4-87  :  427. 
If  the  rod  sighted  to  is  only  graduated  to  feet — as  an  ordinary 
transtt-rod — find  bow  manj  revolutions  and  parts  of  revolntiong 
will  move  the  horizontal  cross-hair  over  a  whole  namber  of  feet  on 
the  rod.     Then,  since  one  revolution  of  the  screw  will  move  the 
croee>hair  over  a  space  of  one  foot  on  the  rod  at  a  distance  of  100 
feet,  we  have  the  proportion  :  As  the  nnmber  of  revolations  of  the 
screw  (whole  numbers  and  decimals)  is  to  100  feet,  go  is  the  nnm- 
ber of  feet  passed  over  on  the  rod  by  the  cross-hair  to  the  required 
distanca     For,  from  Fig.  246  we  have,  as  before : 
CB:  AB  ::  DE:  AD, 
C  B  now  represents  what  the  reading  on  the  rod  (in  feet  and 
decimals),  held  at  a  distance  of  100  feet,  would  be  for  the  given 
number  of  .revolutions  :  A  B  is  100',  DB  is  the  reading  on  the  rod 
in  feet,  and  A  D  is  the  required  distance. 

Suppose,  for  example,  the  gradienterflorfew  be  turned  1-25 
time,  and  the"  space  passed  over  ou  the  rod  by  the  cross-hair  be  3 
feet.     Then  we  have  : 

1-25  :100::  3:240. 
.•.  The  required  distance  is  240  feet 

Problem. — When  no  gradaated  rnd  is  available,  to  determine  a  distance 
by  udng,  in  place  of  a  rod,  a  stick  whose  length  oon  afterward  be  measured. 

On  sloping  gronnd,  the  methods  given  will  apply,  if  the  rod  be 
held  perpendicular  to  the  line  of  sight.  This,  however,  is  not 
easily  done.  It  will 
be  better  to  apply 
methods  specially 
adapted  to  sloping 
gronnd. 

341  Oa  Blopisir 
Onnind.  In  Fig. 
247,  let  A  be  the 
position  of  the  tran- 
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sit ;  0  the  point  over  which  it  is  set ;  C  where  the  rod  is  held ; 
AB  a  horizontal  line  throngfa  the  axis  of  the  telescope;  AG 
the  distance  from  the  horizontal  asis  of  the  telescope  to  the 
foot  of  the  rod  ;  and  C  D  the  distance,  on  a  vertical  rod. 
passed  over  hj  the  horizontal  cross-bair  for  one  rcvolation  of 
the  gradienter-screw.  Let  C  F  be  perpendicular  to  A  0,  and 
D  B  to  A  B. 

Represent  the  angle  of  elevatioti,  BAG,  by  e,  the  angle  CAD 
by  a,  and  the  distance  D  G  by  A.     Then  we  have  : 
DB  =  DG  +  CB. 
,-.  ABtan.  (<  +  «)  =  t  +  AB  tan.  fl, 

aildAB  =  ;^ ^—r^^ ; 

tun.  (s  +  e)  —  tan.  e 
For  convenience  of  compntation,  this  may  be  pat  in  anothei' 
form.    Add  and  sabtract  100  k,  and  we  have  : 

ABs=100i-  100A+.       ,     ,  \ r- . 

tan.  (a-\-e)~  tan. » 

And,  since  tan.  s  =  j^, 
A  B  =  100  A  -  i  (100  sin.  e  +  cos.  e)  sin.  e.  * 

The  quantity  (100  sin.  e  -\-  cos.  e) 
sin.  e,  for  angles  from  1"  to  20°  will 
be  fonnd  in  the  table  for  the  gradi- 
enter.     Hence  the  rule  : 

Multiply  the  rod-reading  by  100, 
and  deduct  the  product  of  the  rod- 
reading  by  the  tabular  number  corre- 
sponding to  the  angle  of  elevation,  e. 
The  result  will  be  the  horizontal  dis- 
tance A  B. 

Example.  Angle  of  elevation,  4° ; 
rod-reading,  3-63  feet 

2-63  X  100  =  263 
3-63  X     .5=     1-3 

Horizontal  distance,  361 '7 
The  table  for  the  correction  is  com- 
puted to  tenths  only,  as  the  unavoid- 

•  This  fonnulii  and  table  is  bj  Prof.  T.  W.  Wright. 
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0° 

■0 

2° 

8° 

4° 

5° 

6° 
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7° 
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8° 

21 

9° 

2-6 

10° 
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11° 
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12° 

4-5 

13° 
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14° 

6-1 
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able  errors  ia  using  the  mstrnineot  Tould  render  any  more  eiaot 
oompatation  useless. 

For  ordinary  oaseB,  whea  the  angle  of  elevation  is  small,  the 
compntatiou  for  the  distance  and  correction  can  be  made  mentally. 

34S.  The  horizontal  distance,  AB,  is  the  one  almost  always 
required,  as  all  meaanremente  of  distances  in  snrveying  and  engi- 
neering should  be  made  horizontally. 

The  distance  from  the  transit  to  the  point  at  whioh  the  rod  is 
held  (i  e.,  A  C)  is  equal  'to  the  horizontal  distance,  A  B,  divided 
by  cos.  e. 

The  distance  G  C  may  be  found  by  solving  the  triangle  0  AQ, 
of  which  the  sides  A  0  and  A  0,  and  the  included  angle  U  A  Q,  are 
known. 

When  the  angle  a  is  an  angle  of  depression,  the  top  of  the  rod 
is  taken  for  the  point  C,  and  the  distance  C  D  is  measured  down* 
ward  from  the  top  of  the  rod. 

In  nsing  the  micrometer-screw,  care  must  be  taken,  when  meas- 
nring.  to  always  turn  the  screw  in  the  same  direction,  in  order 
to  avoid  any  lost  motion  in  the  screw.  In  determining  the  space 
passed  over  by  the  cross-hair  for  one  revolution  of  the  screw,  set 
the  screw  back  of  the  first  reading,  and  bring  it  up  by  turning  the 
screw  in  the  same  direction  in  which  it  is  to  be  turned  for  making 
the.t 
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346.  On  the  cross-hair  ring  of  the  telescope  stretch  two  more 
horizontal  cross-hairB  of  spidei-web  or  platinam  wire,  at  equal 
distances  above  and  below  the  original  one.  The  two  additional 
wires  are  called  Stadia  Wires.  The  stadia  wires  may  be  either 
fixed  or  adj'nstable.  In  the  former  case  they  may  be  attached 
directly  to  the  cross-hair  ring.  When  they  are  adjustable,  each 
may  be  fastened  to  a  separate  slide,  actuated  by  a  capstan-screw  on 
the  outside  of  the  telescope-tube,  as  shown  in  Figs.  248  and  ^9. 

The  slides  to  which  the  stadia  wires  b  b  and  cc  are  attached  are 
held  apart  by  the  hoop-spring,  shown  in  the  figure,  and  are  ad- 
joated  by  the  capstan-screws  dd. 

la 
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It  is  evident  that,  in  looking  through  the  telescope  at  a  grada* 
ated  rod,  a  certain  portion 
of  the  rod  vill  be  inter- 
cepted between  the  stadia 
wires,  and  that  the  greater 
the  distance  at  which  the 
rod  is  held,  the  longer  wilt 
be  the  space  on  the  rod  in- 
tercepted bj  the  stadia 
wires, 
folai  Keferring  to  Art.  287, 

Fig.  201,  we  see  that  the 
objectiTe  of  the  telescope  forms  an  image,  B,  of  the  arrow.  A- 
A  may  represent  the  part  of  the  rod  intercepted  by  the  stadia 
wires,  and  B  the  distance  between  the  wires.  The  farther  tlie  rod 
is  carried  from  the  telescope,  the  nearer  the  image  is  formed  to 
the  objective.  If  the  rod  were  at  an  infinite  distance,  the  image 
would  be  formed  at  the  principal  focus  of  the  objective. 

Call  the  distance  of  the  principal  focus  from  the  lens,/;  the 
distance  from  the  lens  to  the  rod  held  at  any  point,  p ;  the  dis- 
tance from  the  lens  to  the  image,  q;  the  space  intercepted  on 
the  rod  by  the  stadia  wires,  le;  and  the  distance  apart  of  the  stadia 
wires,  a. 

hsp  increases,  h  increases,  q  decreases,  and  a  remains  constant. 
From  similar  triangles.  Fig.  201,  we  have : 

p\q::lc:a,  [1.] 

aod  from  the  principles  of  optics — 

[3-] 


IM 
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Formula  [3]  is  not  perfectly  accnrate,  aa  p  and  q  are  measnred 
from  the  sarfoce  of  the  leas  instead  of  its  center,  and  the  objective 
of  the  telescope  is  not  a  simple  dpabte-conrex  leiu.  It  is,  hov- 
ever,  safficieotly  exact  for  this  purpose. 

We  see  by  the  formula  [3]  that,  aa  /  and  a  are  constanta,  the 
distance,  p,  from  the  objective  to  the  rod  is  equal  to  the  reading 
on  the  rod,  multiplied  by  a  constant  quantity,  plos  the  principal 
focal  distance  of  the  objective.  To  obtain  the  distance  from  the 
center  of  the  instrument  .to  the  rod,  it  is  also  necessary  to  add  the 
distance  from  the  center  of  the  instrument  to  the  objective.  Call 
this  distance  c.  Then,  tor  the  distance  from  the  center  of  the  in- 
strument to  the  rod,  we  have : 

dUtaace  =i-  i  +/+  c.  [4.] 

The  distance  from  the  objective  to  the  center  of  the  instniment 
is  not  precisely  the  same  for  all  lenjifths  of  sight.  The  farther  off 
the  object  sighted  to  is,  the  nearer  the  image  will  be  formed  to  the 
objective,  and  hence  the  objective  mnst  be  drawn  in,  in  order  that 
the  image  may  be  formed  at  the  cross-hairs.  When  the  object 
sighted  to  is  near,  the  image  is  formed  farther  from  the  objective, 
and  the  objective-slide  mast  be  moved  oat  in  order  that  the  image 
may  be  formed  at  the  cross-hairs.  Hence,  we  see  that  the  quantity 
e  is  not  rigidly  con-  ^^^  ^^ 

Btant.  The  differ- 
ence in  value,  how- 
erer,  is  not  enongh 
to  be  taken  into 
consideration.  A 
mean  value  of  c  can 
be  determined  by 
sighting  to  some 
object  at  a  distance 
of  the  mean  length 
of  sight  (say  five 
hundred  feet),  and 

then  measuring  the  distance  from  the  objective  to  the  center  of 
the  telesoope-asis. 
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347.  Formula  [4]  is  for  level  ground.  For  slopiug  ground,  this 
muBt  be  modified.  In  Fig.  250  let  A  be  the  center  of  the  telescope- 
azia;  C  K,  the  reading  on  the  rod ;  D,  the  point  on  the  rod  where 
the  center  croB^-hair  intersects  the  rod ;  A  B,  the  horizontal  dis- 
tance; H,  a  point  in  front  of  the  object-glasa,  and  at  a  distance 
equal  to  its  focal  length ;  e,  the  angle  of  elevation ;  M  L,  perpen- 
dicular to  the  line  of  sight;  /,  a,  c,  and  J;  as  in  [4].  Then  we 
have :  f 

M  L  =  C  E  COB.  e  =  i.  COS.  e  and  H  D  =  ^t  COB.  e. 

II I  =  II  D  COS.  e  =  ~k  COS.*  e. 


AB=AN-{-NB(  =  HI). 

.  • .  A  B  =  — i  COB.* 

a 

The  height  B  D  =  A  B  tan.  e 


A  B  =  A-  COB.*  e+{c  +/)  COS.  e.  [5.] 


To  find  the  value  of  a  in  any  case,  loeasitre  off  from  the  point 
over  which  the  instrument  is  set  a  base-line,  B  (say  one  thonaaDd 
feet),  and  hold  the  stadia-rod  at  the  farther  end.  Let  the  reading 
on  the  rod  be  X^. 

Then,  by  [4]  B  =  ^i'+/+c, 


8  =  ^t' 
and  a  =  = 


Substituting  this  volne  of  a  in  equations  [5]  and  [6],  we  have: 

k 
Horizontal  distance  =  t> {B  — /—  c)  cos*  e  +  (c  +/)  coa.  e.      [7.] 

-  2-^.7  \  ■'  -/  "  c)  sin.  2  fl  -f  (c  +/)  Bin.  e..    [8.  ] 

348.  The  Stadia- Tublcs*  given  in  this  volume  were  calculated 
from  formulas  [7]  and  [8],  using  the  following  values: 

The  measured  base,  B  =  1,000  feet,  and  i'  =  the  reading  on 
the  rod  for  that  distance — i.  e.,  the  distance  indicated  by  the  stadia- 
reading  is  1,000  feet. 

*  Calculated  \>y  Alfred  Noble  and  Williain  T.  Casgraia,  and  used  oa  the  United 
Sutes  Uke  Surrey. 
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(c+/)  =  l-4  feet. 

The  quantities  in  the  columns  headed  a  and  b  are  computed 
respectively  from  the  expressions  (c+/)  cos.  e,  and  {c-\-  f)  sin.  e, 
iu  the  formulas..  They  are  constant  for  all  readings  if  the  angle  e 
reniains  the  same. 

The  horizontal  distances,  and  the  differences  of  level,  are  com- 
puted by  the  tables  in  a  manner  similar  to  that  employed  in  calcu- 
lating latitudes  and  departures  with  a  table. 

Example.  Let  e  =  4°  27',  and  k  =  reading  corresponding  to 
1,384  feet  when  the  ground  is  horizontal. 

Take  from  the  table  as  follows : 


HOBIZONTAL  DISTANCE: 

?<yrl,(m 993-8 

"       800      .      ...    -      297-78 

DIFFERENCE  OF  LEVEL. 

Porl,000 077-8 

80   ..    .. 

4 

"(c  +  f)coe.«.. 

8-9708 

1-8958 

1875-1631 

4 

"(c  +  Dsin.*.. 

■3090 

■1086 

106 '9076 

The  difference  of  level  given  by  formula  [8]  is  D  B,  the  differ- 
ence between  the  elevation  of  the  asis  of  the  telescope  at  A  and 
the  point  where  the  central  cross-wire  strikes  the  rod  at  D.  The 
point  D  upon  the  rod  should  be  taken  at  a  height  above  the  ground 
equal  to  the  height  of  the  teleBCope-axis  (A)  above  the  ground  at 
that  point.  Then  the  difference  of  level,  D  B,  will  be  the  difference 
in  elevation  of  the  ground  at  the  two  points. 

If  the  point  D  is  not  taken  as  above,  the  difference  between  the 
height  of  the  instrument  and  the  height  of  the  point  D  above  the 
groimil,  must  bo  applied  as  a  correction  to  the  difference  of  level 
obtained  by  the  formula  in  order  to  get  the  true  difference  in 
elevation  of  the  ground  at  the  two  points.  ^ 

349.  The  stadia-wiree  may  be  adjusted  to  use  with  a  rod  already 
graduated  to  feet  anti  decimals,  or,  if  the  wires  are  fixed,  a  rod  may 
be  graduated  to  suit  the  wires. 

When  the  wires  are  fixed  the  necessity  of  verifying  their  dis- 
tance at  the  beginning  and  end  of  each  survey,  and  the  introduction 
of  an  error  due  to  their  changing  during  the  work  is  avoided. 
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The  advaotage  of  having  the  wires  adjustable  is  that  they  may 
be  set  80  as  to  nae  any  stadia-rod  previously  graduated,  or  a  self- 
reading  levei-rod. 

350.  The  method  to  be  nsed  in  graduating  a  rod  will  depend 
upon  the  table  to  be  used  in  the  reduction  of  the  notes.  If  the 
tables  given  in  this  volume  are  to  be  used,  the  following  method 
should  be  adopted : 

A  level  base  (B)  of  1,000  feet  should  be  measured,  and  the 
instrument  set  up  at  one  end  of  the  base  and  the  rod  at  the  other. 

To  graduate  a  rod  for  fixed  wires,  divide  the  distance  inter- 
cepted on  the  rod  into  ten  equal  parts,  each  of  which  will  represent 
100  feet 

Generally,  when  the  wires  are  not  fixed,  they  are  adjusted  so 
that  one  foot  is  included  between  the  wires  at  a  given  distance 
(50  or  100  feet)  plus  the  constant  (c+/)-  Suppose  the  space  in- 
cluded between  the  wires  was  one  foot,  at  a  distance  from  the 
center  of  the  instrument  of  100  feet  +  {c-\-f).  Then,  if  the  read- 
ing on  the  rod  held  at  some  unknown  distance  was  346  leet,  the 
distance  would  be  346  feet+(c+/). 

If  the  wires  are  fixed,  measure  oS  from  the  center  of  the  instru- 
ment 500  feet  +  (c  +/),  and  note  the  space  on  the  rod,  intercepted 
by  the  cross-hairs  at  that  distance.  Divide  this  space  into  five  equal 
parts,  subdivide  the  parts  to  tenths  and  hundredths,  and  graduate 
the  remainder  of  the  rod  with  similar  divisions.  This  rod  can  then 
be  nsed  in  the  same  way  as  the  rod,  graduated  to  feet,  was  in  the 
first  case.  Suppose,  on  holding  up  this  rod  at  an  unknown  dis- 
tance, that  the  stadia-wires  intercepted  3  67  of  the  parts.  Then 
the  distance  is  367  feet-j- (c-|-/i. 

If  the  wires  be  adjustable,  and  it  is  desired  to  use  a  rod  previ- 
ously graduated,  set  up  the  rod  and  instrument  as  before  and  adjust 
the  distance  between  the  wires  until  the  reading  on  the  rod  gives  the 
length  of  the  base — i.e.,  1,000  feet.  Readings  taken  with  the  above 
rods  and  reduced  with  the  aid  of  tables  given  will  give  correct  re- 
sults only  with  instruments  for  which  (/-|-  c)  =  1-4  foot,  the  tables 
having  been  computed  assuming  that  value.  With  instruments  for 
which  (/+  c)  has  a  different  value  there  will  be  an  error,  not,  how- 
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ever,  greater  than  the  small  difference  between  14  and  this  con- 
stant for  the  inBtrument  nsed. 

An  inspection  of  the  formnlte  sbows  that  the  distance  inter- 
cepted on  the  rod  varies  directly  with  its  distance  from  a  point  a 
distance  (/+  c)  in  front  of  the  instmrnent.  If  the  rod  were  held 
at  a  distance  SOO  feet  pins  (/-|-  c),  the  distance  intercepted  on  the 
rod  wonld  be  jnst  twice  as  great  as  when  the  rod  wag  held  at  a  dis- 
tance 100  feet  plus  (/-f  c). 

The  distance  is  more  conveniently  read  when  one  of  the  wires, 
usually  the  lower,  is  set  upon  an  even  division  of  the  rod,  than  when 
the  central  wire  is  set  on  the  division  corresponding  to  the  height 
of  the  instrument.  If  the  reading  be  made  in  the  part  of  the  rod 
near  which  the  center  wire  should  be  set  in  reading  the  vertical 
angle,  there  will  be  no  appreciable  error  in  the  distance  read.  But 
before  reading  the  vertical  angle  the  center  wire  should  be  set  as 
described  above. 

The  formuliB  for  the  reduction  of  notes,  taken  using  rods  gradu- 
ated according  to  this  method,  may  be  written  as  follows  by  sub- 


the  rod. 

A  B  =  B  COS.*  e+  (f+c)  cos.  e.  [6'.] 

B  D  =  R  i  sin.  a  e  +  {/+  c)  sin.  e.  [6'.] 

The  best  tables  for  the  reduction  of  notes  by  the  above  formulas  are 
W.  Jordan's  Tables  Tachymfctriquea,  published  by  Gauthier-Villars, 
Quai  des  Augustins  55,  Paris.  These  tables  give  R  cos.*  «  and 
R  i  sin.  i  6  for  values  of  R  from  10  to  350  and  for  values  of  «  as 
high  as  are  ever  needed. 

In  all  graphic  diagrams  for  the  reduction  of  stadia  notes  R  cos.*  0 
and  R  ^  sin.  3  e  are  the  quantities  determined.  The  quantities 
{f-\-c)  COS.  «  and  {f+c)  sin.  e  must  be  added  as  a  correction  in 
the  use  either  of  the  above  tables  or  graphic  diagrams. 

The  rod  may  be  supplied  with  one  or  two  targets,  or  may 
be  used  as  a  « speaking-rod  " — that  is,  it  may  be  graduated  and 
marked  so  as  to  be  read  by  the  observer  at  the  instmrnent. 

For  forms  of  targets,  and  methods  of  graduating  and  marking 
rods,  see  subject  "  Rods,"  Chapter  VIII. 
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CHAPTER  V. 

OBSTACLES  Ilf  ASGULAM  BRBITfrOrO. 

85S.  Thb  obstacleB,  such  as  trees,  booees,  bills,  valleys,  rinr^ 
eto.,  which  preTent  the  direct  aliDement  or  measurement  of  anj 
deBired  conrse,  can  be  overcome  much  more  easily  and  precisely 
with  any  angnlar  instrument  than  with  the  obain,  methods  foi 
Qsing  which  were  explained  in  Chapter  II,  They  will,  however, 
be  taken  up  in  the  same  order.  As  before,  the  given  and  measured 
lines  are  drawn  with  fine  full  lines  ;  the  visual  lines  with  broken 
lines ;  and  the  lines  of  the  result  with  heavy  full  Imes.  Part  of 
the  demonstrations  of  the  problems  are  given,  and  part  are  left  v 
exercises  for  the  student. 

PEBPENDICITLABS  AND  PAAAItLEUL 
364.  Xreeting  Perpendiculars.  To  erect  a  perpendicular  to  a 
line  at  a  given  point,  set  the  instrument  at  the  given  point,  and,  if 
it  be  a  compass,  direct  its  sights  on  the  line,  and  then  turn  them 
till  the  new  bearing  differs  90°  from  the  original  one.  A  conven- 
ient approximation  is  to  file  notches  in  the  compasa-plate,  at  th( 
S0°  points,  and  stretch  over  them  a  thread,  sighting  across  vhict. 
will  give  a  perpendicular  to  the  direction  of  the  sights. 

The  transit  being  set  as  above,  note  the  reading  of  the  vernier, 
and  then  turn  it  till  the  new  reading  is  90°  more  or  lees  than  the 
former  one. 

386.  To  erect  a  perpendicular  to  an  inacessibU  line,  at  a  gxven 
point  of  it.  Let  A  B  be  the  line  and  A  the  point  Calculate  the 
distance  from  A  to  any  point  C,  and  the  angle   OAB,  by  ttu 
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method  of  ArL  381.  Set  the  inBtrutnent 
at  C,  eight  to  A,  turn  an  angle  =  0  A  B, 
and  measure  in  the  direction  thus  ob- 
tained a  dietancc  C  P  =  G  A  ,  cos.  GAB. 
FA  will  be  the  required  peri)endicular. 


866.  Letting  fall  Ferpendionlan.     To 

let  fall  a  perpendicular  to  a  line  from  a  given  point.    With  the 

compass,  take  the  bearing  of  the  given  line,  and  then  from  the 

given  point  run  a  line,  with  a  bearing  differ- 

Fw-asa.       ^     ;^g  QQO    jp^m    t,jg   original   bearing,  tiU  it 

reaches  the  given  line. 

With  the  transit,  set  it  at  any  point  of 
the  given  line,  as  A,  and  observe  the  angle 
between  this  line  and  a  line  thence  to  the 
'  given  point,  F.  Then  set  at  F,  sight  to  the 
former  position  of  the  instrament,  and  turn  a  nnmber  of  degrees 
equal  to  what  the  observed  angle  at  A  wanted  of  90°.  The  in- 
strument will  then  point  in  the  direction  of  the  required  per- 
pendicular P  B. 


\ 


867.  To  let  fall  a  perpendicular  to  a  line  from  c 
point.  Let  A  B  be  the  line  and  F  the 
point.  Measure  the  angles  FAB  and 
P  B  A.  Measure  A  B.  The  angles  A  P  G 
and  BPG  are  known,  being  the  comple- 
ments of  the  angles  measured.  Then 
tan.  A  F  G 


.  inaccestibb 


isAG  =  AB 


tan.  A  F  C  -^  tan.  B  P  C' 


Pre>if:  A  0  =  PO  .  tan.  A  P  0;  and   0  B  =  PO  .  tan.  B  P  0  [Trigo- 
Dometr;,  Art.  4]. 

Henoe  AO:OB  ::  tan.  APC:  tan.  BPC;  and 

AO:  AO  +  OB::  tan.APC:taD.  APC  +  tan.  BPO. 

Oonseqnently,  Binoo  A  0  +  0  B  =  A  B,  A  C  =  A  B .  — —       ' — . 

tan.  A  PO  +  tan.  BPO 

858.  To  let  fall  a  perpendicular  to  an  inaccessible  line  from  a 
given  point.     Let  C  be  the  point  and  A  B  the  line.     Calculate  the 
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angle  C  A  B  by  the  method  of  Art.  381. 
Set  the  instrumeot  at  C,  sight  to  A, 
aod  turn  an  angle  =  90  —  C  A  B.  It 
will  then  point  in  the  direction  of  tbe 
required  perpendicular,  C  E. 

359.  Knimuig  Parallels.  To  trace  a 
line  through  a  given  point  parallel  to  a  given  line.  With  the  com- 
pass, take  the  bearing  of  the  given  line,  and  tbeu,  from  tbe  given 
point,  ran  a  line  with  tbe  Eame  bearing. 

With  the  transit  or  theodolite,  Eet  it  at  any  convenient  point 
of  the  given  line,  as  A,  direct  it 
on  this  line,  and  note  the  reading.  *^*  *""■ 

Then    turn    the  vernier   till  the     '^l ' ^ 

cross-bairs  bisect  the  given  point,  \ 

P,     Take  the  instrument  to  this  '.^ 

point  and  sight  back  to  tbe  former  P  Q 

station,  by  the  lower  motion,  with- 
out changing  the  reading.  Then  move  the  vernier  till  the  reading 
ia  the  same  as  it  was  when  the  telescope  was  directed  on  tlic  given 
line,  or  180°  different.  It  will  then  be  directed  on  P  Q,  a  parallel 
to  A  B,  since  equal  angles  bave  been  measured  at  A  and  P.  The 
manner  of  reading  tbem  i^  similar  to  the  method  of  "Traversing." 

360.  To  trace  a  line  through  a  given  point  parallel  to  an  inao 
cessiblc  line.     Let  C  be  the  given  point 
and   A  B   the  inaccessible   line.     Find 
the  angle  CAB,  as  in  Art.  381.     Set 
tho  instrament  at  0,   direct  it  to  A, 
1  then  tnrn  it  so  as  to  make  an  angle 
with  C  A  equal   to  the  supplement  of 
the  angle  CAB.      It  will   then   point   in  a  direction,  C  E,  par- 
allel to  AB. 
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OBSTAOLBS  TO  AUmaiENT. 

A.  To  PBOLONQ  A  LiNi. 

3S1.  The  instrament  being  set  at  the  farther  end  of  a  line  and 
directed  back  to  ita  beginning,  the  sights  of  the  compass,  if  that 
be  used,  will  at  once  give  the  forward  direction  of  the  line.  A  dis- 
tant point  being  thus  obtained,  the  compass  is  taken  to  it  and  the 
process  repeated.  The  use  of  the  transit  for  this  purpose  has 
been  fuUj  explained. 

868.  Bj  Ferpendieiilan.     When  a  tree  or  house  obstructing  the 
line  is  met  with,  place  the  instrument 
at  a  point  B  of  the  line,  and  set  off  ^°-  *"'■ 

there  a  perpendicular  to  G  ;  set  off     a b^^b  j. 

another  at  0  to  D,  a  third  at  D  to  [^1 

E,  making  D  £  =  B  C,  and  a  fourth 

at  B,  which  last  will  be  in  the  direction  of  A  B  prolonged.     If 

perpendiculars  can   not  be  conveniently  used,  let  B  G  and  D  E 

make   any   equal   angles  with   the  line  A  B,  so  as  to  make  G  D 

parallel  to  it. 

363.  Bf  an  Eqnilateral  Triangle.    At  B  torn  aside  from  the  line 

at  an   angle  of  60°,   and  measure 
Fio.  268.  *•  n « 

^    ^^  ^  ^      some  convenient  distance  B  C.    At 

C  tarn  60°  in  the  contrary  direc- 
tion, and  measnre  a  distance  G  D 
=  B  0.  Then  will  D  be  a  point  in 
the  line  A  B  prolonged.     At  D  turn 

60"  from  0  D  prolonged,  and  the  new  direction  will  be  in  the  line 

of  A  B  prolonged.    This  method 
~  requires  the  measurement  of  one 

angle  less  than  the  preceding.  -^ ^^^% E     F 


364.  Br  TriangnlatioiL  Let 
AB  be  the  line  to  be  prolonged. 
Cboose  some  station  C,  whence  *^ 

can  be  seen  A,  B,  and  a  point  beyond  the  obstacle. 
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and  the  snglee  A  and  B  of  the  triangle  ABC,  and  thence  calcniate 
the  side  AC.  Set  the  instroment  at  C,  and  measure  the  angle 
A C D,  CD  being  any  line  vhich  will  clear  the  obEtacle.  Let  £  be 
the  desired  point  in  the  lines  AB  and  CD  prolonged.  Then  in 
the  triangle  ACE  will  be  known  the  side  AC  and  ite  including 
angles,  whence  GE  can  be  calcnhited.  Measure  the  resulting  dis- 
tance on  the  groand,  and  its  extremity  will  tte  the  desired  jtoint 
E.  Set  the  inetmment  at  £,  sight  to  C,  and  torn  an  angle  equal 
to  the  supplement  of  the  angle  A  E  C,  and  you  will  baye  the  di- 
rection, E  F,  of  A  B  prolonged. 

366.  When  the  Line  to  be  prolon^d  la  inaccewlble.  In  this 
case,  before  the  preceding  method  can  be  applied,  it  will  be  neces- 
sary to  determine  the  lengths  of  the  lines  A  B  and  A  G,  and  the 
angle  A,  by  the  method  given  in  Art.  381. 

866.  To  ^iilong  a  Line  with  only  an  Angular  Initnunent  This 
may  be  done  when  no  means 
of  measuring  any  distance  can 
be  obtained.  Let  A  B  be  the 
line  to  bo  prolonged.  Set  the 
instrument  at  B  and  deflect 
angles  of  45°  in  the  directions 
C  and  D.  Set  at  some  point, 
C,  on  one  of  these  lines  and 
deflect  from  0  B  45°,  and  mark  the  point  D  where  this  direction 
intersects  the  direction  BD.  Also,  at  C,  deflect  90°  from  B. 
Then,  at  D,  deflect  90°  from  D  B.  The  interaectiona  of  these  last 
dircclioDs  will  fix  a  point  E.  At  E  deflect  135°  from  E  C  or 
E  D,  and  a  line  E  F,  in  the  direction  of  A  B,  will  be  obtained  and 
may  be  continned.* 

B.    To    INTBRPOLATE   P0INT8   ITT   A   LlNX. 

367.  The  instrument  being  set  at  one  end  of  a  line  and  directed 
to  the  other,  intermediate  points  can  be  found,  etc.     If  a  valley  in- 

*  Thii  ingentoufl  contriTancn  ts  due  to  Mr.  R  Hood,  In  wboM  practice,  while  niik 
ring  an  air-line  far  •  railroad,  tlie  ncevd.-iij  occurred. 
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terrenes,  the  sights  of  the  compass  (if  the  compaaa-plute  be  very 
carefully  kept  level  croeawiae),  or  the  telescope  of  the  transitj 
answer  us  snbstitntes  for  the  platnb-Une. 

368.  ^  &  Random  Line.  When  a  wood,  hill,  or  other  obstacle 
prevents  one  end  of  the  line,  Z,  from  being  Been  from  the  other.  A, 
mn  a  random  line  A  B  with  the  com- 
pass or  transit,  etc.,  as  nearly  in  the 
desired  direction  as  can  be  guessed,  till 
yon  arrive  opposite  the  point  Z.  Meas- 
ure the  error,  BZ,  at  right  angles  to 

A  B,  as  an  offset  Multiply  this  error  by  67tVi  ^^^  divide  the 
product  by  the  distance  A  B.  The  quotient  will  be  the  degrees 
and  decimal  parts  of  a  degree  contatoed  in  the  angle  B  A  Z.  Add 
or  subtract  this  angle  to  or  from  tbe  bearing  or  reading  with 
which  A  B  was  ran,  according  tp  the  aide  on  which  the  error  was, 
and  start  from  A,  with  this  corrected  bearing  or  reading,  to  ran 
another  line,  which  will  come  oat  at  Z,  if  no  error  has  been  com- 
mitted. 

ExampU :  A  random  line  was  mn,  by  compass,  with  a  bearing 
of  S.  80*  E.  At  twenty  chains  distance  a  point  was  reached  oppo- 
«te  to  the  desired  point,  and  ten  links  distant  from  it  on  its  right 
Sequired  the  correct  bearing. 

Ans.  By  the  rule,  ^^mo  ^  ~  ^"'^^  =  ^'"'  '^^^  correct 
bearing  is  therefore  S.  80°  17'  E.  It  the  transit  had  been  used,  ita 
reading  would  have  been  changed  for  the  new  line  by  the  same 
17'.  A  simple  diagram  of  the  case  will  at  once  show  whether  the 
correction  is  to  be  added  to  the  original  bearing  or  angle,  or  sub- 
tracted from  it. 

If  trigonometrical  tables   are  at  hand,  the  correction  will  be 

more  precisely  obtained  from  this  equation  :  Tan.  B  A  Z  =  -r-s. 
In  this  example,  j-^  =  a-,^  —  *005  =  tan.  17'. 

Tbe  57° '3  rule,  aa  it  is  sometimes  called,  may  be  variously 
modified.  Thus,  multiply  thn  error  by  86°,  and  divide  by  one  and 
a  half  time  the  distance  ;    or,  to  get  the  correction  in  minutes. 
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multiply  by  3,438  and  divide  by  the  distance ;  or,  if  the  error  ie 
given  in  feet  and  the  distance  in  four-rod  chains,  multiply  the 
former  by  52  and  divide  by  the  distance,  to  get  the  correction  in 
minntee. 

The  correct  line  may  be  run  with  the  bearing  of  the  random 
line  by  tnrning  the  vernier  for  the  correction. 

369.  B7  Latitude!  and  Departuxu.     When  a  single  line,  each  as 

A  B,  can  not  be  run  so  as  to  come  opposite  to  the 

Fia,  26a.  gj^gj,   poi^t  2j  proceed   thus  with   the  compass: 

^  Eun  any  number  of  zigzag  courBes,  A  B,  BO,  CD, 

3[i  *        DZ,  in  any  convenient  direction,  bo  as  at  last  to 

arrive  at  the  desired  point.     Calculatfi  the  Utitade 

and  departure  of  each  of  these  courseB  and  take 

their  algebraic  sums.     The  sum  of  the  latitudes 

will  be  eqnal  to  A  X,  and  that  of  the  departures  to 

XZ.     Then  ia  tan.  Z  A  X  =  ?-| ;  i.  e.,  the   alge- 

A  braic  sum  of  the  departures  divided  by  the  alge- 

'  braic  sum  of  the  latitudes  is  equal  to  the  tangent 

of  the  bearing.* 

370.  When  the  transit  is  used,  any  line  may  be  taken  as  a 
meridian — 1.  e.,  as  the  line  to  which  the  following  lines  are  re- 
ferred ;  as  in  "  Traversing,"  Art.  335,  all  the  sncceseive  lines  were 
referred  to  the  first  line.  In  Fig.  263  the  same  lines  as  in  the 
preceding  figure  are  represented,  but  they  are  referred  to  the 
first  course,  AB,  instead  of  to  the  magnetic  meridian  as  before, 
and  their  latitudes  are  measured  along  its  produced  line,  and  its 
departures  perpendicnlar  to  it.  As  before,  a  right-angled  triangle 
will  be  formed,  and  the  angle  Z  A  Y  will  be  the  angle  at  A  be- 
tween the  first  line  AB  and  the  desired  line  AZ. 

This  method  of  operation  has  many  useful  apiilications,  such  aa 
in  obtaining  data  for  running  railroad-curves,  ete.,  and  the  student 
should  ma-ster  it  thoroughly. 

*  The  length  of  the  Ud«  A  Z  can  also  be  at  once  obtained,  eince  it  1b  eqoal  to  tin 
square  root  of  the  Bum  of  the  xquarea  of  A  X  aod  X  Z,  or  to  the  latitude  diTided  bf 
the  coHine  of  tbe  beaiing. 
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The  desired  angle  (and  at  the  same  time 
tbe  distance)  can  be  obtained,  approximately, 
in  this  and  the  preceding  case,  by  finding  in  a 
traverse- table  tbe  final  latitude  and  departure 
of  tbe  desired  line  (or  a  latitnde  and  departure 
having  the  same  ratio),  and  the  bearing  and 
distance  corresponding  to  these  will  be  the 
angle  and  distance  desired. 


371.  Bj  Similar  Trianglw.  Through  A  measnre  any  line  C  D. 
Take  a  point  E,  on  the  line  CB, 
beyond  the  obstacle,  and  from  it 
set  off  a  parallel  to  CD,  to  some 
point,  F,  in  the  line  D  6.  Meas- 
nre  E  F,  CD,  and  C  A.  Then 
this  proportion,  C  D  :  C  A  :  :  B  F  : 
E  G,  will  give  tbe  distance  E  Q, 
from  E  to  a  point  in  the  lino  A  B.     So  for  other  points. 


S72.  ^  Triangulation.  When  obstacles  preyent  the  preceding 
methods  being  used,  if  a  point,  C,  can  be  found  from  which  A  and 
B  are  accessible,  measure  the  distances 
0  A,  C  B,  and  the  angle  A  C  B,  and 
tbence  calculate  the  angle  CAB. 
Then  observe  any  angle  A  C  D  beyond 
the  obstacle.  In  the  triangle  A  C  D 
a  side  and  its  inclnding  angles  are 
known  to  find  CD.  Measure  it,  and 
a  point,  D,  in  the  desired  line  will  be  obtained. 


OBSTACLES  TO  MSASUSXKZNT. 

A.  Wbeh  Both  Ends  or  tub  Lim  ark  AOOBsaraut. 

873.  The  methods  given  in  the  pniceding  articles  for  prolong* 
ing  a  line  and  for  interpolating  points  in  it  will  generally  give  the 
length  of  the  line  by  the  same  operation.  The  method  of  latitndea 
and  departures  is  very  generally  applicable.     So  is  the  following. 
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374.  B7  Triangnlation.  Let  AB 
be  the  inaccesHible  distance.  From 
any  point,  C,  from  which  both  A 
and  B  are  acceaeible,  measnre  GA, 
C  B,  and  the  angle  A  C  B.  Then  is 
the  triangle  ABC  two  sides  and  the 
incladed  angle  are  known  to  find  the 
Bide  A  B.* 

375.  By  Angle!  to  Known  Fointi.  The  length  ot  a  line,  both 
ends  of  which  ure  accessible,  may  also  be  determined  by  ang;1es 
measured  at  ita  extremities  between  it  and  the  directions  of  two  or 
more  known  points.  But,  as  the  methods  of  calculation  involve 
subsequent  problems,  they  will  be  postponed. 

B.  Wheh  One  Em  of  tbb  Liki  ib  inAoOKeaiBLC. 

376.  By  Perpendiovlan.  Many  of  the  methods  given  for  the 
chain  may  be  still  more  advantageously  employed  with  angular 
instrumente,  which  can  so  much  more  easily  and  precisely  set  off 
the  perpendicalarB. 

377.  By  Equal  Angles.  Let  A  B  be  the  inaccessible  line.  At  A 
set  off  A  C  perpendicular  to  A  B, 

and  as  nearly  equal  to  it,  by  estima- 
tion, as  the  ground  will  permit.     At        '^ 
C  measure  the  angle  A  C  B,  .and  turn  "-s, 

the  sights  or  vernier  till  A  C  D  = 
A  G  B.  Find  the  point,  D,  at  the 
intersection  of  the  lines  C  D  and 
B  A  produced.     Then  js  A  D  =  A  B. 

378.  By  Triangnlation.  Measure  a  distance  A  0,  about  eqnal 
to  A  B.  Measure  the  angles  at  A  and  C.  Then,  in  the  triangle 
ABC,  two  angles  and  the  included  side  are  known,  to  find  another 

AC  sin.  ACB 


8L, 


side,  A  B  =  - 


in.  A  B  0 


*  In  this  6giirc  and  the  roltowin^  ones  the  angular  point  inclosed  in  a  drele  trail. 
cslce  th«  place  al  whicb  the  inBlnunent  ia  set. 
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When  the  compass  is  used,  the  angles  be-  p,o.  2d8. 

tneen  the  lines  will  be  deduced  from  tbeir  re- 
spective beuringa. 

If  the  angle  at  A  is  90°,  A  B  =  A  C  .  tang. 
A  C  B. 

If  the  angle  A  C  B  =  45",  then  A  C=  A  B ; 
hot  this  position  eonld  not  easily  be  obtained, 
except  by  the  use  of  the  sextant,  a  reflecting 
iastrnment,  described  in  Part  Y. 

379.  Wlien  One  Point  can  not  be  teen  from  the  other.     Choose 

tvro  points,  G  and  D,  in  the  line  of  A, 
Fis.  aeff.  and  guch  that  from  C,  A,  and  B  can  be 

seen,  and  from  D,  A,  and  B,  Measure 
AC,  AD,  and  the  angles  C  and  D, 
Then,  in  the  triangle  BCD,  are  known 
two  angles  and  the  included  side,  to 
find  CB.  Then,  in  the  triangle  ABC, 
are  known  tvo  sides  and  the  included 
angle,  to  find  the  third  side,  AB. 

380.  To  find  the  Biatanoe  from  a  Given  Point  to  an  Inaooet- 
dble  Line.  In  Fig.  254,  Art  358,  the  required  distance  is  C  E. 
The  operations  therein  directed  give  the  line  0  A  and  the  angle 
C  A  B,  or  C  A  E.     The  required 

distance  CE  =  0  A.  sin.  OAK  na.  289. 


0.  Whbn  Both  Ends  of  thb  Liira 

ABE    1KAC0E8SIBLB. 

381.  General  Hethod.  Let 
A  B  be  the  inaccessible  line. 
Measure  any  convenient  distance, 
C  D,  and  the  angles  A  C  D, 
BCD,  ADO,  BDC. 

Then,  in  the  triangle  0  D  A, 
two  angles  and  the  included  side 
are  given,  to  find  CA.  In  the 
17 
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triangle  0  D  B,  two  angles  and  the  inclnded  side  are  giren,  to  find 
0  B.  Tben,  in  the  triangle  ABO,  two  sides  and  the  included 
angle  are  given,  to  find  A  B. 

The  work  may  be  verified  by  taking  another  set  of  triangles, 
and  finding  A B  from  the  triangle  A B D  instead  of  ABC. 

fba  followiog  (oniiDlas  will,  however,  give  the  dewreil  diiiUDc««  with 
leaaUbor: 

„  ^  ,     „        ,  .,   .  .       ^      rfn.  A  D  0  .  sin.  C  B  D 

Find  an  angle  K,  »uoh  th»t  tan.  K  =  ^^^  Q^p  „i„  ^  j.^  - 

TfaeDfind  tlie  difference  of  the  nnkaoirn  angles  in  the  triangle  OAB 
from  the  formola — 

TaD.i(OAB- ABC)  =  taa.  (45*  -  E)  .  cot.  (ACB. 
Then  i80AB  =  K0AB-ABC)  +  i(CAB  +  ACB). 

IK     II       .    u        „  _  Bin.  B  D  C  .  Bin.  A  C  B 
Finallf,  A  B  =  C  D  ■ . —  --    —-  -  —■  . 
wn.  C  B  D  ,  Bin,  0  A  B 
Dtmonitration :  In  the  triangle  ABC,  deslgnBte  the  angles  as  A,  B,  0 ;  and 
die  rides  oppcmte  to  them  as  a,  &,  e.    Let  0  D  =  d.    The  trian^e  BODgires 

PTrig.,  Art.  12,  Theorem  IJ,  a  =  d"°'^~^.    The  triangle  AOD  rfmi. 

nn,  0  B  U 
,    ,      .       .        ,    sin.  A  DO 
'  ^  ~       slD.  C  A  D  ■ 

In  the  triangle  A  B  0,  we  have  [Trig.,  Art.  19,  Theorem  II], 
taa.  i  (A  —  B) :  cot.  iO  ::  a  —  bia  +  b; 

wbenoe  tan.  i  (A  -  B)  =  ?^ .  cot  J  0.  [1.] 

a  +  d 

i 
Let  E  be  an  anxiliary  angle,  saoh  that  b  =  a.  taa.  E  ;  whence  tan.  E  ^  — . 

IMvidlog  the  seoond  member  of  eqnation  [1],  above  and  below,  b;  a,  and  sub- 

•tituting  tan.  E  for  - ,  we  get  tan.  4  (A  —  B)  =  |  —  -'*"-^  .  oot.  J  O. 

Since  tan.  45°=  I,  we  maj  anhstitute  it  for  1  In  the  preceding  eqoation, 

1  ..       ,,1       D,       tan,  45'— tan,  E        .    ,  _. 

and  weget  tan.  4  (A  -  B)  =  =. ,  oot.  *  0. 

tan.  45  +  tan.  K 
From  the  expression  for  the  taoKent  of  the  difference  of  two  arcs  [Trig., 
Art.  8],  the  preceding  fraction  rednces  to  tan.  (45°—  E)  ;  and  the  equation 
beooines 

tan.  1  (A  -  B)  =  tan.  (46=-  E)  .  cot  1  0.  [2.] 

In  the  equation  tan.  E  =  -,  substitnte  the  values  of  b  and  a  from  the 
formulas  at  the  beginning  of  this  investigation.    This  gives 

rin.  ADO  ,  J    sin.  B  D O _  sin.  A  D  C  .  «n.  O B D 
"^       sin.  C  i}  b  ~  sin.  C  A  D  .  rin.  B  D  G  ■ 
{A  —  B}  ia  then  obiwned  by  equation  [2] ;  (A  +  B)  is  tlie  HUpplenieal  ol 
0;  therefore,  the  angle  A  ia  Icnown. 
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358 


Theo 


e  =  AB 


io.  C 


_  d  .  sin.  B  D  C  .  Bin.  A  C  B 
I.  C  B  D  .  Bin.  CAB     ' 
fhe  Qse  of  the  auxiliary  angle  C  aviiid§  tLe  cukalution  of  the  Bides  a  itnd  h. 

Example.    Let  C  D  =  7,10fi-25  feet ;  A  0  D  =  95°  17'  20" ;  B  C  D  =  81° 
41' 60";  AD 0  =  39° 88' 40";  BDO  =  78°  35' 10";  required  AB. 

The  figure  is  constructed  with  tbes^  data  on  a  scale  of  S.OOO  feet  to  1 
inch  =  t  :  60000. 

Bj  the  above  formulas,  E  is  lound  tu  be  30°26'5";  CAB  =  118°66' 
ST" ;  and,  laatlj,  A  B  =  65H8  32. 

Both  the  racthuds  ma;  he  used  as  mutual  checks  in  anj  imporlant  case. 

If  the  lines  A  B  and  C  D  crossed  each 
other,  as  in  Fig.  270,  instead  of  being  situ-  Fra.  270. 

Ated  aa  in  the  preceding  figure,  ihe  same 
method  of  calonlation  would  a]>plT. 


382.  ProUeuL 
etuibU  dittanet,  A  B,  when  a  point,  C,  in 
ilt  line  can  bt  obtained.  Set  the  instru- 
ment at  a  point,  D,  from  which  A,  B,  and 
O  can  be  seen,  and  measure  the  angles 
OCA  and  A  DB.    Measure  also  the  lin 


FiQ.  271. 


r>  0  and  the  angle  0.  Then  In 
the  triangle  A  C  D  two  angles  and 
the  included  ^de  are  given  to  find 
A  D.  In  the  triangle  DAB,  the  an- 
gle D  A  B  is  known  (betng  eijnal  to 
A  0  D  +  0  DA),  and  A  D  having 
been  found,  we  agdn  have  two  an- 
gles and  the  iocladed  side  to  find 
AB. 


383.  Froblsm. 

inaeeenible  diilanee,  A  B,  when  only 
one  point,  0,  eon  be  found  from 
I,    Consider  0  A  and  G  B  as  distances 


Fig.  £72. 


-B 


wAteft  both  end*  of  the  liite  nan  be  le 
to  be  det-ermincd.  having  one  end  ac- 
cessible. Determine  them  as  in  Art. 
378,  by  choosing  a  point  D,  from  which 
C  and  A  are  viable,  and  a  point  E.  from 
whicli  0  and  li  are  visible.  Al  C  ob- 
serve the  angles  D  C  A,  A  C  B,  iind  B  C  E. 
Measure  the  diatances  C  D  and  C  G. 
OWrve  the  angles  ADO  and  BEG. 
Then  in  tlie  trianglti  ADC,  two  angles 
and  the  Included  side  arc  given,  to  find 
O  A ;  and  the  same  in  the  triangle  CUE. 

to  find  C  B.    Lastly,  in  the  triangle  A  0  B  two  sides  and  the  included  angle 
are  knon'o,  tc  find  A  B. 
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384.  Problem. 

eon  he  found  from  which  the  two  end*  eai 

which  A  is  viuble,  and  D  a  point  froni 

MeasQ 

Fio.  in. 


diitante,  A  B,  when  no  point 
um.  Let  O  be  a  point  from 
cli  B  ia  visible,  and  also  0. 
'■  D.  Find  the  distances  C  A 
and  D  B,'  as  in  tbe  preceding  problem, 
L  a.,  choose  a  point  E,  from  whicb  A 
and  C  are  visible,  nnd  another  puint,  F, 
from  which  D  and  B  are  visible.  Ueaa- 
Di«  E  U  and  D  F.  Observe  tbe  angkt 
AEC,  EGA,  BDF,  and  DFB;  und 
at  the  same  time  the  angles  A  C  D  and 
0  D  B,  for  the  snbsequent  work.  Then 
0  A  and  D  B  will  be  found,  as  were  C  A 
ist  problem.  Tlien  in  the  triangle  OD  B,  two  sides  and  the 
«  known  to  find  C  B  and  tbe  angle  DOB;  and,  lastly,  in  the 
triangle  A  OB,  two  sides  and  the  included  angle  (the  difference  of  AOD 
andDOB)  tofind  AB. 

S85.  ProUem,  Given  the  angle*  aiterved,  at  the  end*  of  a  line  whiei 
ean  jtot  la  meaeured,  between  it  and  the  end»  of  a  line  qf  known  length  but 
inaeeettible,  required  the  length  of  the  former  line.  This  problem  is  the  con- 
Terse  of  that  given  in  Art.  881.  Its  figore,  289,  may  represent  tbe  case,  if 
the  distance  A  B  be  regarded  as  know  d  and  C  D  as  that  t«  be  found.  TJae 
the  first  and  second  formulas  as  before,  and  invert  tbe  la»t  formola,  obtuning 
OD  =  AB^!HiCBD^n^AB 
sin.  BDC  .  sin.  AOB 

This  problem  may  also  be  solved,  indirectly,  by  oagnming  any  length  for 
0  D,  and  thence  calralating,  as  in  the  first  part 
of  Art.  881,  tbe  length  of  AB  on  this  hypothesis.  Fid.  21*. 

The  imaginary  figure  thns  calculated  is  eimilar  to 
the  true  one;  and  the  true  length  of  OD  will  be 
pven  by  thb  proportjon:  OaJoulated  length  of 
A  B  :  true  length  of  A  B  : :  assumed  length  of 
OB:  true  length  o(OD. 

The  length  of  0  D  can  also  be  obtained  graph* 
ically.  Take  a  line  of  any  length,  as  CD',  and 
from  C  and  D'  lay  off  angles  equal  to  those  oh-  ""-^^    's^  ] 

served  at  0  and  D,  and  thus  fix  points  A,  B'.  ~  ~"^A 

Prtxiuce  A  B'  till  it  equals  the  given  distance  A  B, 

on  any  desired  scale.  From  B  draw  a  parallel  to  B'  D*,  meeting  A  D'  pro- 
dnced  in  D ;  and  from  D  draw  a  parallel  to  D'  0'  meeting  A  0'  produced  in 
0.    Then  OD  will  be  the  required  distaoce  to  the  same  scale  as  A  B. 

386.  ProUem.  Three pointe,  ABC,  being  fivea  by  their  dUtaneet from 
each  other,  and  two  other  pointe,  P  and  Q,  leing  to  tituated  thatJ¥om  eaeh  oj 
ih^m  two  of  the  three  poinU  can  he  teen  and  the  anglee  APQ,BPQ,OQP, 
B  Q  P,  fid  meatured,  it  it  required  to  determine  the  poeitiant  ofP  attd  Q. 


■y-fi 


c».'. 


bvGooglc 


OBSTACLES  TO  MEASUREMENT.  255 

OonBTBuonoN.    Begin  b?  deeoribing  h  circle  paBHJog  throngh  A  aud  B, 
and  having  the  central  angle  euhtended  I17  A  B,  equal  to  twice  the  given 
angle  A  P  ti,  and  tliua  oontaining 
thai  angle.    The  point  P  will  lie  Fio.  SIS. 

somewhere  in  its  ciroumference.  ^ B,--'         ~~-., 

Describe  another  circle  passing  ,-''     ^-■^^^'^^''S^v,,^ 

through  Baud  0,  and  having  a  /'  ^^^/'      •       v^t^""^-^  \ 

central  angle  subtended  by  BO         j^y^ /' ; \  "*'.    ^^-y. q 

6<iiial  10  twice  the  given  angle      ^\    ~-r- — ;  i--— "^^s"     '< 

BQo.   Th«  potoi  Q  will  11.     I,--      r22iS.;ji5- -~:=^a 

somewhere  in  its  drontnference,      ^-^  "*;  /  f 

From  A  draw   a   line   making  ''..  \  /  / 

with  A B  an  angle  =  B  P Q,  and  "-,,  "'"v.X^ 

meeting  at  X   the    circle   first  "  "'  ^ -''' 

draws.   From  0  draw  a  line  mak- 
ing wEth  CB  an  angle  =  BQP,  and  meeting  the  second  circle  In  T.    Jtnn 
X  Y  and  prodnoe  it  till  it  cuts  tJie  circles  in  points  P  aud  Q,  which  will 
be  those  required;  Ednce  BPX  =  BAX  =  BPQ;  and  BQY  =  BOY  = 
BQP. 

Oaloulation.  In  the  triangle  ABC,  the  sides  being  ^ven,  the  angle 
A  B  O  is  known.  In  the  triangle  A  B  X,  a  side  and  all  the  angles  are  known, 
to  find  B  X.  In  the  triangle  C  B  Y,  B  Y  is  similarly  found.  B;  subtracting 
the  angle  ABC  from  the  sum  of  the  angles  A  B  X  and  0  B  Y,  the  angle 
X  B  Y  can  he  obtained.  Then  in  the  triangle  X  B  Y,  the  sides  B  X,  B  Y, 
anil  ilie  include  angle  are  given  to  find  the  other  angles.  Then  in  the  tri- 
angle  B  P  X  are  known  all  the  angles  and  the  aide  B  X  to  find  B  P.  In  the 
triiingle  B  Q  Y,  B  Q  is  found  in  like  manner.  Finally,  in  the  triangle  B  P  Q, 
P  Q  ean  then  be  found. 

If  desired,  we  can  also  obtiun  A  P  in  the  triangle  A  P  B ;  and  C  Q  in  the 
triangle  C  B  Q. 

387.  Problem.  Four  poinU,  A,  B,  0,  D,  leing  givm  in  potition,  hy 
their  mutiu^  di»tance»  and  directioru,  and  two  other  point*,  P  artd  Q,  beinff 
ao  tituated  that  from  each  of  them  tteo  of  the  four  point*  can  he  teen  and  the 
angle*  A  P  B,  A  P  Q,  P  Q  C.  and  P  Q  D  meatured,  it  U  required  to  deUrmine 
thepo*ition  ofF  and  Q. 

CoNSTBOfrrioN.  Begin,  as  in  the  lent  article,  bj-  describing  on  A  B  Ihe 
segment  of  a  circle  to  contain  an  angle  eijaal  to  A  P  B.  From  B  draw  a 
chord  BE,  making  an  angle  with  B  A  equal  to  the  supplement  of  the  angle 
APQ.  On  CD  describe  another  segment  to  contain  an  angle  equal  to 
0  QD.  From  0  draw  a  chord  C  F,  making  an  angle  with  C  D  equal  to  the 
supplement  of  the  angle  D  Q  P.  Draw  the  line  E  F,  and  it  will  cut  the  two 
circles  in  the  required  points  P  and  Q. 

For,  the  angle  A  F  Q  in  the  fignre  equals  the  measured  angle  A  P  Q,  be- 
canse  the  supplement  of  the  former,  EPA,  equals  the  supplement  of  the  lat- 
ter, aiuce  it  is  measured  by  the  sime  arc  as  the  angle  ABE,  equal  to  tliat 
supplement  by  construction.     So  too  with  the  angle  D  QP. 
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Caloulatios.  To  obtain  PQ  =  EF— EP  — QF,  we  proceed  to  find 
thoM  three  linee  thus:  In  tlje  triaoKle  ABE,  we  know  the  lide  A  B,  the 
angle  ABE,  and  the  angle  AEB  =  APB;  whenne  to  find  EB.  In  the 
ume  waj,  the  triangle  0  F  D  givea  F  0.     In  the  triangle  E  B  0  are  knowr 

Fia.  876. 


EB  and  BO,  and  the  angle  EBO=  ABO  — ABE;  whence  EO  and  the 
angle  E  0  B  are  (onnd.  In  the  triangle  E  C  F  are  known  E  C.  F  0,  and  tlie 
angle  EOF  =  BOD  —  EOB  — FUD;  whence  we  find  E  F.  and  the  angle* 
CEFandCFE. 

In  the  triangle  BE?,  we  have  EB,th.:  angle  B£P  =  BEO+OEP, 
ai^theanKleRPE  =  BPA+  APE;  to  find  EP  and  PB.  Inthetrian^ 
QOF,wehare  OF,  and  the  anglea  CQFand  OFQ,  to  find  QO  and  QF. 
Then  we  know  PQ  =  EF-EP-QF. 

The  other  distances,  if  desired,  can  be  eaall^  found  from  the  above  dati, 
Bome  of  the  catcnlaUona,  not  needed  for  PQ,  being  made  with  reference  to 
them.  In  the  triangle  A  II F,  we  know  A  B,  B  P,  and  the  angle  B  A  P,  to 
find  the  angle  A  B  P  and  A  P.  In  the  triangle  Q  D  0  we  know  Q  C,  C  D, 
and  the  angle  OQD,  to  ftnd  the  angle  QOD  and  QD.  In  the  triangle 
PBO,  we  know  P  B,  BO,  and  the  angle  PBO  =  AB0  — ABP.to  find 
P  0.  Lastly,  in  tlie  triangle  Q  0  B,  we  know  Q  0,  0  B,  sad  the  angle  Q  0  B 
=  DCB-  DOQ.  tofind  QB. 

The  aolaiion  of  this  problem  includes  the  two  preceding ;  Tor,  let  the  line 
B  C  he  redared  to  a  point  bo  that  itB  two  ends  come  together  and  the  three 
lines  become  two,  and  wu  hsve  tlie  problem  of  Art.  S8S ;  and  let  the  Hne 
A  B  be  r^ diii'ed  to  a  point,  B,  and  0  D  to  a  point,  0,  and  we  have  but  one 
line,  and  the  prohlom  heconios  that  of  Art.  885. 

In  these  three  problems,  if  tlie  twn  statioDn  lie  in  a  right  line  with  one  oi 
the  given  pointa,  the  problem  is  indetermioate. 

388.  Problem  of  the  Eig:llt  Foints.  Four  point*,  A.  B,  0,  D,  on  inae- 
cemible,  Init  ^ixibU  from  four  otkrr  poinU,  E,  F,  G,  II ;  it  it  required  to  find 
tht  rttatine  dittaneet  lifthete  eight  poiatt ;  the  (mty  data  bttng  the  obtervt 
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Ho»,from  taeh  ^the  pciiiti  qf  th«  tteond  tj/ilem,  qf  the  angta  under  loJiieA 
art  teen  tke  point*  of  thefirtt  »yttem. 

Thia  problem  can  be  solved,  Fio  271. 

but  tho  great  lengtb  and  oom-' 

plication  of   tlie    invoatigatioii  ^  % 

aod  resultiDg  furrnalaa  render  it  .  S 

more  a  matter  of  curiosity  tliao  «  * 

of  ntility.  It  maj  be  fouod  in 
Pniaaant's  "  Topograpbie,"  page 
65;  Lefevre's ''Trigonomfitrio," 
page  90,  and  Leferre's  "  Arpra- 
tage,"  No.  887. 


TO  SUPPLY  C 

38ft  Any  two  omiasiona 
in  a  closed  aorrey,  whether 
of  the  direction  or  of  the 

leiigth,  or  of  both,  of  one  or  more  of  the  sides  bonnding  the  area 
sarveyed,  can  always  be  supplied  by  a  suitable  application  of  the 
principle  of  latitudes  and  departures,  although  this  means  should 
be  resorted  to  only  in  oases  of  absolute  necessity,  since  any  omia- 
Bion  renders  it  imposaible  to  "  test  the  surrey."  Id  the  following 
articles  the  surrey  will  be  considered 
to  hare  been  made  with  the  compass. 
All  the  rules  will,  howcTer,  apply  to 
a  transit  survey,  the  angles  being  re- 
ferred to  any  line  as  a  meridiao,  as  in 
"traversing." 

To  save  unnecessary  labor,  the  ex- 
amples in  the  varions  cases  now  to 
be  examined  will  all  be  taken  from 
the  same  survey,  a  plat  of  which  is 
given  in  the  mai^n  on  the  scale  of  40  chains  to  1  inch  (1 :  31,680), 
and  the  field-notes  of  whiob,  with  the  latitndes  and  departures 
carried  out  to  five  decimal  places,  are  given  on  page  258.* 

*>  The  teadier  can  make  anj  number  of  eiamples  for  bis  own  use  bv  taking  a 
tolerabi;  accurate  BorrGy,  striking  oat  the  bearing  and  distance  of  anj  one  course, 
and  calculating  it  predsely  as  in  Case  I,  fSrea  bebw.  He  can  tlicn  omit  any  two 
qnantltiea  at  wfll,  to  be  supplied  by  the  studcat  by  means  of  tbe  rules  now  to  ta 
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Case  1.  When  the  length  and  tha  bearing  of  any  one  aide  are 
wanting. 

390.  Find  the  latitudes  and  the  depaxtures  of  the  remaining 
sides.  The  difference  of  the  north  and  sonth  latitndes  of  these 
lines,  IB  the  latitude  of  the  omitted  line,  and  the  difference  of  their 
departnreB  is  its  departure.  This  latitude  and  departure  are  two 
sides  of  a  right-angled  triangle  of  which  the  omitted  line  is  the 
hjpotenase.  Its  length  is  therefore  equal  to  the  square  root  at 
the  sum  of  their  squares,  and  the  quotient  of  the  departure  divided 
hy  the  latitude  is  the  tangent  of  its  bearing. 

In  the  aboTe  survey,  suppose  the  course  from  F  to  A  to  have 
heen  omitted  or  lost.  The  difference  of  the  latitudes  of  the  re- 
maining courses  will  be  found  to  be  1314-69G82,  and  the  difference 
of  the  departares  to  be  4430-55736.  The  sqiare  root  of  the  sam 
of  their  squares  is  4621*6  ;  and  the  quotient  of  the  departure 
divided  h?  the  latitude  is  the  tangent  of  73°  28'  21".  The  defi- 
ciencies were  in  north  latitude  and  west  departure,  and  the  omitted 
course  is  therefore  N.  73°  28'  21"  W.,  4621-5. 


Cabb  3.  When  the  length  of  one  side  and  ike  hearing  of  an- 
other are  wanting. 

391,  Whea  th«  Sefloient  Sides  a^oin  Each  Otiier.  Find,  as  in 
Case  1,  the  length  and  bearing  of  the  line  joining  the  ends  of  the 
remaining  conrses.  This  line  and  the  deficient  lines  will  form  a 
triangle,  in  which  two  sides  will  be  known,  and  the  angle  between 
the  calculated  side  and   the  Bide  whose  bearing  is  given  can  be 
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foand.  The  parts  wanting  can  then  be  obtained  b;  the  common 
mlee  of  trigonometry. 

In  the  figure,  let  the  length  of  BP  and  the  bearing  of  FA  be 
the  omitted  parte.  The  difference  of  the  sums  of  the  N.  and  S. 
latitades,  and  the  E.  and  W.  depart- 
ores  of  the  complete  conrsea  from  A 
to  E,  are  reepeetively  1406-32477  north 
latitude,  and  S314'34587  cast  depart- 
ure. The  course,  E  A,  correBponding 
to  this  deficiency,  we  find,  by  proceed- 
ing as  in  Oaae  1,  to  be  S.  76°  11'  15' 
W.,  6497-036.  The  angle  AEP  ia 
therefore  =  76'  11'  16'  -  18°  =  67° 
11'  15'.     Then  in  the  triangle  A  E  F 

are  given  the  sides  A  E,  A  F,  and  the  angle  A  E  F  to  find  the  re- 
maining part«,  Tiz,,  the  angle  A  F  E  =  9i°  38'  21',  whence  the 
bearing  of  F  A  =  91°  28'  21'  -  18°  =  N.  73°  28'  21'  W. ;  and  the 
side  EF=  28-60. 


Fio.£Ba 


892.  When  ih«  Defldent  Bidet  are  teparated  from  Each  Other. 
A  modification  of  the  preceding  method  will  still  upply.  In  this 
figure  let  the  omiaeions  be  the  bearing  of  F  A  and  the  length  of 
C  D.  Imagine  the  courses  to  change 
places  without  changing  bearings  or 
lengths,  80  as  to  bring  the  deficient 
lines  next  to  each  other  by  transfer- 
ring CD  to  AO,  AB  toGH,  andBC 
to  HD.  This  will  not  affect  their 
latitudes  or  departures.  Join  G  P. 
Then  in  the  figure  D  E  F  G  H  the  lati- 
tudes and  departures  of  all  the  sides 
but  F  G  are  known,  whence  its  length 
and  bearing  can  be  found  as  in  Case  1.  Then  the  triangle  A  G  F 
may  be  treated  like  the  triangle  A  E  F  in  the  last  article,  to  obtain 
the  length  of  A  G  =  0  D,  and  the  bearing  of  F  A. 

Othermte,  by  changing  the  vteridian.     Imagine  the  field  to 
torn  around  till  the  side  of  which  the  distance  is  unknown  be< 
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oomea  the  meridian — i.  e.,  comes  to  be  doc  north  and  gouth — all 
the  other  sides  retaining  their  relative  positions,  and  continuing  to 
make  the  same  angles  with  each  other.  Change  their  bearings  ac- 
cordingly. Find  the  latitudes  and  departures  of  the  sides  in  their 
new  ])ositions.  Since  the  side  whose  length  was  unknown  has  been 
made  the  meridian,  it  has  no  departure,  whatever  may  be  its  un- 
known length  ;  and  the  difference  >f  the  columns  of  departure  will 
therefore  be  the  departure  of  the  side  whose  bearing  is  unknown. 
The  length  of  this  side  ia  given.  It  is  the  hypotenuse  of  a  right- 
angled  triangle,  of  which  the  departure  is  one  side.  Hence  the 
other  side,  which  is  the  latitude,  can  be  at  once  found,  and  also  the 
unknown  bearing. 

Put  this  latitude  in  the  table  in  the  blank  where  it  belongs. 
Then  add  np  the  columns  of  latitude,  and  the  diffei-once  of  their 
sums  will  be  the  unknown  length  of  the  side  which  had  been  made 
a  meridian.* 

Let  the  omitted  quantities  be,  as  in  the  last  article,  the  length 
of  OD  and  the  bearing  of  FA.  Make  CD  the  meridian.  The 
changed  bearings  can  thee  be 
found  to  bo  as  in  the  margin. 
To  aid  the  imagination,  turn 
the  book  around  till  0  D 
points  up  and  down,  as  north 
lines  are  usually  placed  on  a 
map.  Then  obtain  the  lati- 
tudes of  the  conrscs  with 
their  new  bearings  and  old  distances,  and  proceed  as  has  been 
directed. 

Case  3.    When  the  lengths  of  two  sides  are  wanting, 

393.  When  the  Deficient  Sidei  adjoin  Each  Other.  Find  the 
latitudes  and  departures  of  the  other  courses,  and  then,  by  Case  1, 
find  the  length  and  bearing  of  the  line  joining  the  extremities  of 
the  deficient  courses.      Then,  in   the  triangle  thus  formed,  are 

*  TblB  conception  of  tbna  changlDg  the  bearings  ta  stated  to  be  due  to  ProfesSDr 
Robert  Patterson,  of  Philadelphia,  b;  whom  it  was  communicated  to  Mr.  John  Oum 
mere,  and  published  b^  him,  in  1814,  in  his  "  Treatiw  on  SurrejiDg," 
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known  one  side  and  all  the  angles  (deduced  from  the  bearings)  to 
find  the  lengths  of  the  other  two  sides. 

Thus,  in  Fig.  279,  let  £  F  and  F  A  be  the  sides  whoBe  lengths 
are  nuknowo.  £  A  is  then  to  be  caicalated,  and  its  length  will  be 
found  to  be  6497-026,  and  iU  bearing  S.  75"  11'  15'  W.,  whence 
the  angle  A  E  F  =  75"  11'  15'  -  18°  =  57"  11'  15' ;  A  F  E  =  18° 
+  73°  28' 21' =s  91°  28' 21' ;  and  £  A  F  =  SI"  20' 24' ;  whence 
oan  be  obtained  E  F  =  38-60  and  F  A  =  46-215. 

8M.  When  the  Defleient  Bidet  are  sepaiated  from  Each  Other. 
Ijet  the  lengths  of  B  0  and  D  £  be  those  omitted.     Again  itnagioe 
the  oooiBes  to  change  places,  so  as  to 
bring  the  deficient  lines  together,  D  E  ''"'■  ^^^^ 

being  transferred  to  C  G,  and  C  D  to  C ^\ 

G  E.    Join  B  G.    Then  in  the  figure  /'\  'X 

A B  G  E F A  are  known  the  latitudes     g/ \  \j 

and  departures  of  all  the  courses  ex-        I  ~  q  / 

cept  B  G,  whence  its  length  and  bear-      aU.,.^^^  / 

ing  can  be  found,  as  in  Case  1.     Then  ^'^''---....^^^       / 

in  the  triangle  BOG,  the  angle  C  B  G  ^"^ 

can  be  found  from   the  bearings  of 

C  B  and  B  G,  and  the  angle  G  G  B  from  the  bearings  of  B  G  and 
G  C.  Then  all  the  angles  of  the  triangle  are  known  and  one  side, 
B  G,  whence  to  find  the  required  sides,  B  C  =  1,782,  and  C  G  = 
D  E  =  2,700. 

Otherwise,  by  changing  the  meridian.  Imagine  the  field  to 
turn  around  till  one  of  the  sides  whose  length  is  wanting  becomes 
a  meridian  or  due  north  and  south.  Change  all  the  bearings  cor- 
respondingly. Find  the  latitudes  and  departures  of  the  chnnged 
nourses.  The  difference  of  the  columns  of  departure  will  be  the 
departure  of  the  second  course  of  unknown  length,  since  the  course 
made  meridian  has  now  no  departure.  The  new  bearing  of  this 
second  course  being  given  va  the  right-angled  triangle  formed  by 
this  course  as  an  hypotenuse,  and  \ta  departure  and  latitude,  we 
know  one  side,  the  departure,  and  the  acute  angles,  which  are  the 
bearing  and  its  complement.  The  length  of  the  course  is  then 
readily  calculated,  and  also  its  latitude.     This  latitude  being  is* 
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§ertetl  in  its  proper  place,  the  difference  of  the  oolnmoa  of  latitude 
irill  be  the  leogtli  of  that  wanting  side  which  had  been  made  a 
meridian. 

Thua,  let  the  lengtha  of  B  C  and  D  E  be  wanting,  as  in  the  pre- 

ceding         example. 

Make  B  C  a  me- 
ridian. The  other 
bearings  are  then 
changed  as  in  the 
margin.  CalcDlat« 
new  latitudes  and 
departures.  The 

diflerenoe  of  the  departures  will  be  the  departure  of  D  E,  since 
B  G,  being  a  meridian,  has  no  departure.  Hence  the  length  and 
latitude  of  D  E  are  readily  obtained.  This  latitude  being  put  in 
the  table,  and  the  columns  of  latitude  then  added  up,  their  differ- 
ence will  be  the  length  of  B  C. 

Case  4.    When  the  hearings  of  two  sides  are  wanting. 

395.  Wlien  the  Deficient  Sides  adjoin  Eaoh  Other.  Find  the 
latitudes  and  departures  of  the  other  sides,  and  then,  as  in  Case  1, 
find  the  length  and  bearing  of  the  line  joining  the  extremities  of 
the  deficient  sides.  Then,  in  the  triangle  thus  formed,  we  hare 
the  three  sides  to  find  the  anglea  and  thence  the  bearings. 

396.  When  the  Defloiont  Sideg  are  separated  from  Each  Othei. 
Change  the  places  of  the  sides  so  us  to 

bring  the  deficient  ones  next  to  each  '**'     j, 

other.  Thus,  in  the  figure,  supposing 
the  bearings  of  0  D  and  E  F  to  be 
wanting,  transfer  £  F  to  D  Q,  and 
DE  to  GF.  Then  calculate,  as  in 
Case  1,  the  length  and  bearing  of  the 
line  joining  the  extremities  of  the  de- 
ficient sides,  C  G  in  the  figure.  This 
line  and  the  deficient  sides  form  a  tri- 
angle in  which  the  three  sides  are  given  to  determine  the 
and  thence  the  required  bearings. 


angles 
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CHAPTER  VI. 

LATIira   OUT,   FARTIHG   OFF,   AND  DIVmiSQ   UP  LAND. 
ZiATina  OUT  LuUTD. 

397.  Iti  Hatoro.  This  operation  is  preciBely  the  reverse  of  tUon 
of  surveying  properly  so  called.  The  latter  measnrea  certaio  lines 
as  tbey  are ;  the  former  marks  them  oat  in  the  ground  where  tbey 
are  required  to  be,  in  order  to  satisfy  certain  conditions.  The 
Bame  instruments,  however,  are  used  as  in  surveying. 

Perpendiculars  and  parallels  are  the  lines  most  often  employed. 
Part  of  the  demonstrations  of  the  problems  are  left  as  exercises  for 
the  student. 

898.  To  la;  oat  Sqnarei.  Bednce  the  desired  content  to  square 
chains,  and  extract  its  square  root  This  will  be  the  length  of  the 
required  side,  which  is  to  be  set  out  by  one  of  the  methods  indi- 
cated in  the  preceding  article. 

An  acre,  laid  out  in  the  form  of  a  square,  is  frequently  desired 
by  farmers.  Ita  side  must  be  made  316^  links  of  a  Guutcr's  chain ; 
or  S08^  feet ;  or  69^^  yards.     It  is  often  taken  at  70  paces. 

The  number  of  plants,  hills  of  com,  loads  of  manure,  etc., 
which  an  acre  will  contain  at  any  uniform  distance  apart,  can  be  at 
once  found  by  dividing  209  by  this  distance  in  feet,  and  multiply- 
ing  the  quotient  by  itself,  or  by  dividing  43,660  by  the  square  of 
the  distance  in  feet.  Thus,  at  3  feet  apart,  an  acre  would  contain 
4,840  plants,  etc.  ;  at  10  feet  apart.  436  ;  at  a  rod  apart,  160 ;  and 
so  on.  If  the  distances  apart  be  unequal,  divide  43,560  by  the 
product  of  these  distances  in  feet ;  thus,  if  the  plants  were  in  rows 
6  feet  apart,  and  the  plants  in  the  rows  were  3  feet  apart,  S,430  of 
them  would  grow  on  one  acre. 
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889,  To  Uf  out  KeoUnglei.  Tke  content  and  length  lein$ 
given,  both  as  measured  by  the  same  unit,  divide  the  former  bj 
the  latter,  and  the  quotient  will  be  the  required  breadth.  Thae, 
1  acre  or  10  square  chains,  if  5  chains  long,  must  be  2  chains  vide. 

The  content  being  given  and  the  length  to  be  a  certain  pnml&r 
of  times  the  breadth.  Divide  the  content  in  square  chains,  etc.,  bj 
the  ratio  of  the  length  to  the  breadth,  and  the  square  root  of  the 
quotient  will  he  the  shorter  side  desired,  vheuce  the  longer  aide 
is  also  known.  Thus,  let  it  be  required  to  lay  out  30  acrea  in'  tbe 
form  of  a  rectangle  3  timos  as  long  aa  broad ;  30  acres  =  300 
square  chains.  The  deeired  rectangle  will  contain  3  squares,  each 
of  100  aqaare  chains,  having  sides  of  10  chains.  The  rectangle 
will  therefore  be  10  chains  wide  and  30  long. 

An  acre  laid  ont  in  a  rectangle  twice  as  long  as  broad  will  be 
S24  links  by  448  links,  nearly ;  or,  147^  feet  by  295  feet ;  or,  49) 
yards  by  98{  yards.  Fifty  paces  by  one  hundred  is  often  used  as 
an  approximation,  easy  to  be  remembered. 

The  content  being  given,  and  the  difference  between  the  length 
and  breadth.  Let  c  represent  this  content,  and  d  this  diSerence. 
Then  the  longer  aide  =  J  d  +  J  v"  ((^  +  *  c). 

JSosample.  Let  the  content  be  6*4  acres,  and  the  difference  13 
cb&ins.  Then  the  sides  of  the  rectangle  will  be  respectively  16 
ehains  and  4  chains. 

The  content  being  given,  and  the  sum  of  the  length  and  breadth. 
Let  c  represent  this  content,  and  s  this  sum.  Then  the  longer 
side  =  ^s  +  J  V  (**  ~  ^)- 

Example.  Let  the  content  be  6*4  acres,  and  the  sum  30  chains. 
The  above  formula  gives  tbe  sides  of  the  rectangle  16  chains  and  4 
chains  as  before. 

400.  To  lay  out  Trianglei.  The  content  and  the  base  being 
given,  divide  the  former  by  half  the  latter  to  get  the  height.  At 
any  point  of  the  base  erect  a  perpendicular  of  the  length  thus  ob- 
tained  and  It  will  be  the  vertex  of  the  required  triangle. 

The  content  being  given  and  the  base  having  to  be  ni  times  the 
height,  the  height  will  equal  the  square  root  of  the  quotient  ob- 
''ained  by  dividing  twice  the  given  area  by  vi. 
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The  content  being  giveQ  and  the  triangle  to  be  eqailateral,  take 
the  square  1*001  of  the  content  and  multiply  it  by  1*5S0.  The 
product  will  be  the  length  of  the  side  reqnired.  This  rule  makes 
the  sides  of  an  equilateral  triangle  containing  one  acre  to  be  480^ 
links.  A  quarter  of  au  acre  laid  ont  in  the  same  form  would  have 
each  side  240  links  long.  An  equilateral  triangle  is  very  easily  set 
out  on  the  ground,  as  directed  under  "  Platting,"  using  a  rope  or 
chain  for  coiDpaBBes. 

The  content  and  base  being  given,  and  one  side  having  to  make 
8  given  angle,  as  B,  with  the  base  A  B, 

a  V  A  wn  '•*■  *8*. 

the  length  of  the  side  B  C  =  .  .f     .       ' 
®  A  B  .  Bin.  B 

Example.  Eighty  acres  are  to  be  laid 
out  in  the  form  of  a  triangle,  on  a  base, 
AB,  of  sixty  chains,  bearing  N.  80°  W., 
the  bearing  of  tbe  side  B  G  being  N.  70° 
£.  Here  the  angle  B  is  found  from  the  bearingB  (reversing  one  of 
them)  to  be  30°.  Hence  B  C  =  53-33.  The  figure  is  on  a  scale  of 
50  chains  to  1  inch  =  1  :  39600. 

Any  right-line  figure  may  be  laid  ont  by  analogous  methods. 

401.  To  lay  ont  Cirolea.  Multiply  the  given  content  by  7,  di- 
vide the  product  by  22,  and  take  the  square  root  of  the  quotient. 
This  will  give  the  radius,  with  whieli  tbe  circle  can  he  described 
on  the  ground  with  a  ropo  or  chain.  A  circle  containing  one  acre 
has  a  radius  of  178J  links.  A  circle  containing  a  quarter  of  an 
acre  will  have  a  radios  of  89  links. 

408.  Town-Loti.  Honse-lot»  in  cities  are  nsnally  laid  ofi  as 
rectangles  of  25  feet  front  and  100  feet  depth,  varioasly  combined 
in  blocks.  Fart  of  New  York  is  laid  ont  in  blocks  200  feet  by  800, 
each  containing  64  lots,  and  separated  by  streets,  60  feet  wide, 
running  along  their  long  sides,  and  avenues,  100  feet  wide,  on 
their  short  sides.  The  eight  lots  on  each  short  side  of  the  block 
front  on  the  avenues,  and  the  remaining  forty-eight  lots  front  on 
the  streets.  Such  a  block  covers  almost  jireeisely  3f  acres,  and  17^ 
anch  lots  abont  make  an  acre.    But,  allowing  for  the  streets,  land 
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laid  out  into  lots,  25  by  100,  arranged  as  above,  would  contwn  only 
11-9,  or  not  qnite  12  lota  per  acre. 

Lots  in  small  towns  and  Tillages  are  Iwd  out  of  greater  size  and 
less  nnilorinity  :  60  feet  by  100  is  a  frequent  size  for  new  villages, 
the  blocks  being  200  feet  by  500,  each  therefore  oontwning  20  lota. 
403.  Land  wld  for  Taxea.  A  case  occurring  in  the  State  of 
New  York  will  8e^^'e  oa  an  application  of  the  modes  of  laying  ont 
squares  and  rectangles.  lAnd  on  which  taxes  are  unpaid  is  sold  at 
auction  to  the  lowest  bidder— i.  a,  to  him  who  wiU  accept  the 
smallest  portion  of  it  in  retom  for  paying  the  taxes  on  the  whole. 
The  lot  in  question  was  originally  the  east  half  of  the  square  lot 
A  BCD,  containing  500  acres.  At  a  sale  for  taxes  in  1830,  70 
acres  were  bid  oft,  and  this  area  was  set  off  to  the  purcbaser  in  a 
jqaare  lot,  from  the  northeast  comer.  Required  the  side  of  the 
square  in  links.  Again,  in 
1834,  29  acres  more  were  thna 
sold,  to  be  set  off  in  a  strip  of 
equal  width  around  the  square 
previously  sold.  Required  the 
width  of  this  strip.  Once 
more  :  in  1839,  42  acres  more 
were  sold,  to  be  set  off  around 
the  preceding  piece.  Required 
the  dimensions  of  this  third 
portion.  The  answer  can  be 
proved  by  calculating  if  the 
dimensions  of  the  remaining 
lectangle  will  give  the  content  which  it  should  have,  viz.,  250  — 
(70+29  +  42)  =109  acres. 

The  figure  is  on  a  scale  of  40  chains  to  1  inch  =  1  :  31680. 

404.  Hew  Countries.  The  operations  of  laying  out  land  for  the 
purposes  of  settlers  are  required  on  a  large  scale  in  new  countriee, 
in  combination  with  their  survey.  There  is  great  difficulty  in 
uniting  the  necessary  precision,  rapidity,  and  cheapness.  "  Tri- 
angular surveyinji"  will  iuBure  the  first  of  these  qualities,  but  is 
deficient  in  the  Ia.st  two,  and  loaves  the  laying  out  of  lots  to  be 
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BabseqaeDtly  fixdcnted.  "  Compass-snrveyiag  "  possesseB  the  last 
two  qualities,  but  not  tlie  first.  The  United  States  system  for 
surreying  aod  laying  out  the  public  lundii  admirably  combineB  an 
accurate  determiuation  of  standard  lines  (oieridians  and  parallek) 
with  a  cheap  and  rapid  subdivision  by  compass.  The  subject  is  so 
important  and  eztensive  that  it  will  be  explained  by  iteelf. 

PABTINa  OFF  LAITI). 

406.  It  is  often  required  to  part  off  from  a  field,  or  from  an 
indefinite  space,  a  certaiu  number  of  acres  by  a  fence  oi  other 
boundaiy-line,  which  is  also  required  to  run  in  a  particular  direo- 
tioD,  to  start  from  a  certain  point,  or  to  fulfill  some  other  condition. 
The  Tarious  cases  most  likely  to  occur  will  bo  here  arranged  accord- 
ing to  these  conditions.  Both  graphical  and  numerical  methods 
will  generally  be  given.* 

The  given  content  is  always  supposed  to  be  reduced  to  square 
chains  and  decimal  parts,  and  the  lines  to  be  in  chains  and  deoi- 

A.  Bt  k  Limb  parallel  to  a  Side. 

406.  Ta  part  off  a  Rectangle.  If  the  sides  of  the  field  adja- 
cent to  the  given  side  make  right  angles  with  it,  the  figure  parted 
off  by  a  parallel  to  the  given  side  will  be  a  rectangle,  and  its 
breadth  will  equal  the  required  content  divided  by  that  side,  as 
in  Art.  398. 

If  the  field  be  bounded  by  a  curved  or  zigzag  line  outside  of  the 
given  side,  find  the  content  between  these  irregular  lines  and  the 
given  straight  side,  by  the  method  of  offsets,  subtract  it  from  the 
content  required  to  be  parted  off,  and  proceed  with  the  remainder 
aB  above.     The  same  directions  apply  to  the  subsequent  problema 

407.  To  part  off  a  Parallelo- 
gnm.  If  the  sides  adjacent  to  the 
given  side  be  parallel,  the  figure 
parted  off  will  be  a  parallelogram, 
and  iU  perpendicular  width,  C  E, 

•  The  (riven  linen  will  be  reprcnenled  by  fire  full  lines,  the  lines  of  constmctloD 
ttj  brokna  lined,  uid  the  lines  of  the  re!>ull  b;  hMv;'  full  lineo. 


byGoogIc 


368  LASD-SUBrBTlK&. 

will  be  obtuoed  as  abore.    The  length  of  one  of  the  parallel  sidea, 
.-       CE         ABDC 

u  AC=-T r-=  r-c — ' r- 

Bill.  A     A  B .  em.  A 


Fra.  ise. 


408.  To  part  off  a  Ttapesoid.  When  the  sidea  of  a  field  ad- 
jacent to  the  giren  side  are  not  parallel,  the  figure  parted  off  will 
be  a  trapezoid. 

When  the  field  or  figure  is  giren  on  the  gronnd,  or  on  a  plat, 
beg^n  as  if  the  sides  were  parallel, 
dividing  the  given  content  by  the 
base  A  B.  The  qnotient  will  be 
an  approximate  breadth,  C£,  or 
D  F ;  too  amall  if  the  sides  con- 
Torge,  as  in  the  figure,  and  vice 
versa.  Measnre  C  D.  Calcnlate 
the  content  of  ABDC.  Divide 
the  difference  of  it  and  the  required  content  by  C  D.  Set  off  the 
quotient  perpendicular  to  C  D  (in  this  figure,  outside  of  it),  and  it 
will  gire  a  new  line,  Q  H,  a  still  nearer  approzimation  to  that  de- 
dred.    The  operation  may  be  repeated,  if  found  necessary. 

409.  When  the  field  is  given  by  bearings,  deduce  from  them 
the  angles  at  A  and  B.     The  required  sides  will 

then  be  given  by  these  formulas  :  *^-  **'• 

'    V  Bin.  A .  sin.  B  ' 

Denumitration.     Prodnoe  B  0  and  A  D  to  meet  in  £ 
Bj  ritnflar  triangles, 

ABE:DOE  ::  AB'  iDC 
ABE  —  DCE:ABE::AI)'-DCr':AB» 
Kow  ABE  — DCE  =  ABOD;  rIso,  by  Art.  61,  note, 
I.  A  .  rin.  B 


A  B  E  =  A  B' . 
"Ota  above  proportion.  thereCurc,  Wcc 


2.8in.(A+B)' 
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ABODr.AB'. 


i.(A  +  B) 

Mnltiplriiig  extreiDM  and  meaoB,  cancel- 
log,    traiispoBing,     and    extracting    the 

square  root,  we  get  G  D  =*/l  AB'  — 

a  .  A  B  0  D  .  ain.  (A      "    " 


C  D' :  A  BV 
Fio.  28B. 


^]. 


1.  (A  +  B)  ii 
negative,  and  therefore  the  fraction  in 
wluch  it  occurs  hecomes  positive. 

O  F  iMing  drawn  parallel  to  D  A,    we  have 
dn.B      _„„ 


AD  =  FO  =  PB 


=  (AB-OD)-^ 


BCF 


in.  (IHO-  ■ 
-  BO  =  (AB-OD) 


~B) 
Bin.  A 


u  CA+  B)  ^  flin.(A  +  B>* 

When  the  sides  A  D  and  B  C  diverge,  iDBtead  of  convergiDg,  aa 
in  the  figure,  the  negative  term,  in  the  expression  for  C  D,  becomoa 
positive  ;  and,  in  the  expreasiona  tor  both  A  D  and  B  C,  the  first 
factor  becomes  (C  D  —  A  B). 

The  perpendicalar  breadth  of  the  trapezoid  =  AD  .  ain.  A ; 
or  =  B  C  .  Bin.  B. 

Example.  Let  A  B  mn  north,  six  chaina  ;  A  D,  K.  80°  E. ; 
B  G,  S.  60°  E.  Let  it  be  required  to  part  off  one  acre  by  a  fence 
parallel  to  A  B.  Here  A  B  =  6*00,  A  B  C  D  =  10  square  chains, 
A  =  80",  B  =  60°.  Ans.  CD=  4-67,  AD  =  l-92,  BC  =2-18, 
and  the  breadth  =  1*89. 

The  figure  is  on  a  scale  of  4  chains  to  an  inch  =:  1  :  3168. 

B,  Bt  a  Lnrs  peri>bhdioula.b  to  a  Sidb. 
410.  To   part   off  a  Triangle.     Let  FG  he  the  reqaired  line. 
When    the    field    is    given    on    the 
ground,  or  on  a  plat,  at  any  point, 
as  D,  of  the  given  side  AB,  set  out 
a  "guess-line,"   D  E,   perpendicular 
to  A  B,  and  calculate  the  content  of 
DEB.     Then  the  reqaii-ed  distance 
BF,  from  the  angular  point  to  the  foot  of  the  desired  perpen- 
dicular =  B  dV/I^V 


Fia.  2S9. 
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Siooe  similar  triangles  ere  aa  the  sqaares  of  their  homologons  dd«fj 
BDE:  BFOriBO'iBF";  whence  BF  =  BD  |/(|-|^  . 

¥ia.  i»0.  Example.      Let  B  D  =  30  chains  ;  E  D  =: 

13  chains  ;  and  the  desired  area  =  24*8  acres. 
Then  B F  =  Z5%%  chains. 

The  scale  of  the  figure  is  30  chains  to  1 
inch  =  1  :  23760. 

When  the  field  is  glveo  by  bearings,  find 
the    angle     B    from    the    bearings  ;    then    is 


-=/(^^S^)- 


Example.  Let  B  A  bear  S.  75°  R ,  and  B  C  N.  60°  K ,  and  let 
five  acres  be  required  to  be  pai-ted  of  from  the  field  by  a  perpen- 
dicolar  to  B  A.  Here  the  angle  B  =  45°,  and  B  F  =  10-00 
ohuns. 

The  scale  of  the  figure  is  30  chains  to  1  inch  =  1  :  15840. 

411.  To  part  off  a  QnadrilateraL  Produce  the  conTerging 
aides  to  meet  at  B.     Calculate  the 

oontent  of  the  triangle  H  E  B, 
whether  on  the  ground  or  plat,  or 
from  bearings.  Add  it  to  the  con- 
tent of  the  quadrilateral  reqaired 
to  be  parted  off,  and  it  will  give 

that  of  the  triangle  FG  B,  and  the  method  of  the  preceding  case 
can  then  be  applied. 

412.  To  part  off  any  Figure.  If  the  field  be  very  irregularly 
shaped,  find  by  trial  any  line  which  will  part  off  a  little  less  than 
the  required  area.  This  trial-line  will  represent  H  K  in  the  pre- 
ceding flgore,  and  the  problem  is  reduced  to  parting  off,  accord- 
ing to  the  required  condition,  a  quadrilateral,  comprised  between 
the  trial-line,  two  sides  of  the  field,  and  the  required  line,  and  con- 
taining the  difference  between  the  required  content  and  that  parted 
off  by  the  trial-line 
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VIX 


O.  By  A  Limb  minnnNa  in  awt  Givrh  Dibiotion. 
418.  To  part  off  a  Tiimngle.     By  construction,  on  the  ground 
or  the  plat,  proceed  Dearly  as  in  Art.  410,  setting  out  a  line  in  the 
required  direction,  calonlating  the  triangle  thus  formed,  and  ob- 
taining BF  by  the  same  formula  as  in  that  article. 


414.  If  the  field  he  given  by  bearinge,  find  from  them  the  angles 


OBAandGFB;  then  is  I 


X  B  F  G  sin.  (B  +  F)\ 


sBP  =  i//' 

'V  sin.  B 
Let  B  A  bear  S.  30°  E.  ;  B  C, 
N.  80°  E.  ;  and  a  fence  be  required  to  run  from 
Bome  point  in  B  A,  a  due  north  course,  and  to 
part  off  one  acre.  Bequired  the  distance  from 
B  to  the  point  F,  whence  it  muat  start  Ans. 
The  angle  B  =  70°,  and  F  as  30°.  Then  B  F 
=  6-47. 

The  scale  of  Fig.  %&%  is  6  chains  to  1  inch 
s  1  :  4753. 


415.  To  part  off  a  QnadrilateraL    Let  it  be 

required  to  part  off,  by  a  line  running  in  a  given  direction,  a 

quadrilateral  from  a  field  in  which  are  given  the  side  A  B,  and 

the  directions   of    the  two 

other  sides  running  from  A 

and  from  B. 

On  the  groand  or  plat 
produce  the  two  converging 
sides  to  meet  at  some  point 
E.  Calculate  the  content  of 
the  triangle  ABE.  Meas- 
ure the  side  A  E.  From 
ABE  subtract  the  area  to 
be  cut  off,  and  the  remain- 
der will  be  the  content  of 
the  triangle  G  D  E.  From  A  set  out  a  line  A  F  parallel  to  the 
given    direction.      Find   the  content  of  A  B  F.      Take  it  from 
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ABE,  and  thna  obtaic  A F E.     Then  this  formula,  E D  =  A B 

'^^-|,    will  fli  the  point  D.Biace  AD  =  AE-ED. 

When  the  field  and  the  dividing  line  are  givou  by  bearingB, 
prodaoe  the  8'dea  as  in  the  last  artiole.  Find  all  the  angles  from 
the  bearinga.  Calculate  the  content  of  the  triangle  ABE,  b>  the 
formula  for  one  aide  and  its  including  angles.  Take  the  desired 
content  from  this  to  obtain  C  D  £.  Calculate  the  side  A  £  =  A  B 
Bin.B  ™  .  .„  .„  //axCDE.sm.DCE\ 
«E:E-     Then»AD-AE-/(^-^^^--.^   ^jjjj,     j. 

Demoiutration.    Sinw  triaoglea  wLich  have  an  angle  in  «aob  ©qusJ,  an 
H  the  produolB  of  the  sides  about  th«  equal  aaglas,  we  have 
ABE:ODE::AExBE:OExDE. 

AE=AB.^. 
SID.E 

Sabfltitating  these  valnea  in  tlie  preceding  proportion,  oanoeling  the  commoo 
botore,  observing  tbst  sin.  (A  +  B)  =  sin.  El,   muUipljing  eitremes  ond 

mean^  and  div.d.nft  we  get  DE  =^  (  _._-—__-_  j  . 

Example.  Let  D  A  bear  3.  301°  W. ;  A  B,  N.  54°  W.,  8-19  ; 
B  C,  N.  73(°  E ;  and  let  it  be  required  to  part  off  two  acres  by  a 
fence,  D  0,  ninning  N.  45°  W.  Ana.  A  B  E  =  33-56  square 
chains;  whence  CD £  =  12-56  square  chains.  Also,  AEs=8-37  ; 
and,  finally,  AD  =  8-37— 5-61  =  8-86  chains. 

The  scale  of  Fig.  393  is  5  chains  to  1  inch  =  1  :  3960. 

If  the  sum  of  the  angles  at  A  and  B  were  more  than  two  right 
angles,  the  point  E  would  lie  on  the  other  side  of  A  B.  The  neces- 
sary modifications  are  apparent. 

416.  To  part  aS  any  Figure.  Proceed  in  a  similar  manner  to 
that  described  in  Art.  413,  by  getting  a  suitable  trial-line,  pro- 
ducing the  sides  it  intersects,  and  then  applying  the  method  just 
given. 

D.  Bt  a  Line  stabtino  fboh  a  Given  Point  in  a  Sma. 

417.  To  port  off  a  Triangle.  Let  it  be  required  to  cnt  of  from 
a  comer  of  a  field  a  triangular  space  of  given  content,  by  a  line 
starting  from  a  given  point  on  one  of  the  sides,  A  in  the  flgnio, 
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the  base,  A  B,  of  the  desired  triangle  being  thoe  giyen.    If  the 

field  be  given  on  the  groand  or  on 

a  plat,  divide  the  given  content 

b;  half  the  base,  and  the  quotient 

will  be  the  height  of  the  triangle. 

Set  off    this    dlBtanoe  from   any 

point  of  A  B,  perpendicnlar  to  it, 

aa  from  A  to  C  ;  from  C  set  oat 

a  paraUel  to  A  B,  and  its  inter- 

aectioD  with  the  second  side,  aa  at 

D,  will  be  the  rertex  of  the  required  triangle. 

Otherwise  :  Divide  the  reqnired  content  by  half  of  the  perpen- 
dicular distance  &om  A  to  B  D,  and  the  quotient  will  be  B  D. 

If  the  field  be  given  by  the  bearings  of  two  aides  and  tiie 
length  of  one  of  them,  deduce  the  angle  B  (Fig.  391)  from  the 

bearings.     Then  is  B D  =  f  xABD 
'^  A  B  .  sm.  B 

If  it  is  more  oooTenient  to  fix  the  point  D,  by  the  second 
method,  that  of  rectangalar  coH>idinate8,  we  shall  have  B  E  — 
B  D  .  COS.  B ;  and  E  D  =  B  D  .  sin.  B. 

The  bearing  of  A D  is  obtained  from  the  angle  BAD,  which  is 
,  .       ED  ED  .       „.„ 

known,  B>noe  ^^  =  ^B-BE  =*»"■»  ^  ». 

Example.  Eighty  acres  are  to  be  set  off  from  a  corner  of  ■ 
field,  the  course  A  B  being  N.  80°  W.,  sixty  chains  ;  and  the  bear* 
ing  of  B  D  being  N.  70°  E.  Ane.  B  D  =  53-33  ;  B  B  =  46-19 ; 
ED  =  26-67  ;  and  the  bearing  of  A  D,  N.  17*  23'  W. 

The  scale  of  Fig.  294  is  40  chains  to  1  inch  =  1  :  31680. 

If  the  field  were  right-angled  at  B,  of  course  D  B  =  -j-i.—  . 

418.  To  part  off  a  QvadrllateraL  Imagine  the  two  converging 
ndes  of  the  field  produced  to  meet,  as  in  Art  415.  Calculate  tha 
content  of  the  triangle  thus  formed,  and  the  qnestion  will  then  be 
ledoced  to  the  one  explained  in  the  last  two  articles. 

419.  To  part  off  any  Tigure.  Proceed  as  directed  in  Art  416 
Otherwise,  proceed  as  follows  : 
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The  field  being  given  on  the  gronnd  or  on  a  plat,  find  on  which 

^    iside  of  it  tbe  reqnired  line  will 

Fio.  BBS.  ^ 

end,    by    drawing    or    mniung 

*'  gnetss-lines  "  from  the  given 
point  to  various  angles,  and 
roughly  measuring  the  content 
thuB  parted  off.  If ,  as  in  the 
figure,  A  being  the  given  point, 
the  guess-line  AD  parts  off  leea 
than  the  required  content,  and 
AE  parts  off  more,  then  the  desired  division-line  A  Z  will  end  in 
the  side  D  E,  Subtract  the  area  parted  off  by  AD  from  the  re- 
quired content,  and  tbe  difference  will  be  the  content  of  the  tri- 
angle ADZ.  Divide  this  by  balf  tbe  perpendicnlar  let  fall  from 
the  given  point  A  to  tbe  side  D  E,  and  tbe  quotient  will  be  the 
base,  or  distance  from  D  to  Z. 

Or,  find  the  content  of  A  D  E  and  make  this  proportion : 
ADE:ADZ::DE:DZ. 

The  field  being  given  by  bearings  and  distanoes,  find  as  be- 
fore, by  approximate  trials  on  the  plat,  or  otherwise,  which 
side  the  desired  line  of  division  will  terminate  in,  as  D  E  in 
tbe  last  figure.  Draw  AD.  Find  the  latitude  and  departure 
of  this  line,  and  thence  its  length  and  bearing.  Then  calcnlate 
tbe  area  of  the  space  this  line  parts  off,  A  B  C  D  in  the  figure, 
by  the  usual  method,  explained  in  Part  T,  Chapter  III,  Sub- 
tract this  area  from  that  required  to  be  cat  off,  and  the  remainder 
will  be  the  area  of  the  triangle  ADZ.    Then,- as  in  Art  415,  DZ  = 

aADZ 
1 D .  sin.  ADZ' 

This  problem  may  be  eiecnted  without  any  other  table  than 
that  of  latitudes  and  departures,  thus:  Find  the  latitude  and  de- 
parture of  D  A,  as  before,  the  area  of  the  space  A  B  0  D,  and 
thence  the  content  of  A  D  Z.  Then  find  the  latitude  and  departure 
of  E  A,  and  the  content  of  A  D  E.  Tjostly,  make  this  proportion  : 
ADE:ADZ::DE:DZ.* 

'  The  problem  tatj  tlaa  bo  performed  b^  maklaf;  the  eide  op  which  tho  diTisJoO' 
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Example.  In  the  field  ABODE,  etc.,  part  of  which  is  shown 
in  Fig.  395  (on  a  scale  of  4  chains  to  1  inch  =  1 :  3168),  one  acre 
ia  to  be  parted  oS  on  the  west  side,  by  a  line  starting  from  the 
angle  A.  Beqnired  the  distance  from  D  to  Z,  the  other  end  of  this 
dividing  line.* 

The  only  courseB  needed  are  these:  AB,  N.  63°  W.,  1-5S  ;  EC, 
N.  20°  B,  2-00  ;  C  D,  N.  53^°  E.,  1-82 ;  D  E,  S.  57"  E.,  5-79.  A 
rough  tneaBorement  will  at  once  show  that  A  B  C  D  is  less  than  an 
aore,  and  that  ABODE  is  more  ;  hence  the  desired  line  will  fall 
on  D  K  The  latitades  and  departures  of  A  B,  B  0,  and  C  D  are 
then  fonnd.  From  them  the  course  A  D  is  found  to  be  N.  8°  1'  S^" 
E.,  3-634.  The  content  of  ABCD  will  be  3-19  square  ohaina. 
Subtracting  this  from  one  aore,  the  remainder,  6'81  square  chuus, 
is  the  content  of  A  D  Z.  AP  =  3'63  X  sin.  65°  =  3-39.  Dividing 
A  D  Z  by  half  of  this,  we  obtain  D  Z  =  4-14  chains. 

By  the  second  method,  the  latitude  and  departure  of  D  A,  the 
area  of  A  B  C  D,  and  of  A  D  Z,  being  found  as  before,  we  next  find 
the  latitude  and  departure  of  E  A  from  those  of  A  D  and  D  E,  and 
thence  the  area  of  ADE  =  9'53.  Lastly,  we  have  the  proportion 
9*53  :  6-81  :  :  5-79  :  D  Z  =  4*14,  as  before. 


E.  Bt  a.  Line  PABamo  thbouoh  a  OivEif  Pofrt  wftbin  the  Fibu>. 

420.  To  part  off  a  Triangle.  Aa.  see. 

Let  P  be  a  point  within  a  field 
through  which  it  is  required  to 
run  a  line  so  sa  to  part  oS  from 
the  field  a  given  area  in  the  form 
of  a  triangle. 

When  the  field  is  given  on 


line  is  to  fall,  a  meridiim,  and  changing 
tlie  bearinf^.  The  diffei^nce  of  the  new 
departures  will  l>e  the  departure  ot  the 
diriaion-liDe.  ICa  position  can  then  be 
eaulj  detemined. 

*  If  the  whole  field  has  been  surrejcd 
and  balanced,  the  balanced  la^tudes  and 
departures  abogld  he  used.  We  will  here 
auppoae  the  enrte;  lo  hare  proved  pcr- 
tectl;  correct. 
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the  groand  or  od  s  plat,  the  diTisioa  can  be  made  by  constrnctioD, 
tboB ;  Divide  the  given  area  by  half  of  the  perpeadiciilar  distaoce 
from  P  to  A  C,  and  set  o9  the  qaotieot  from  C  to  G.  Bisect 
G  0  in  H.  From  P  draw  P  E,  paraUel  to  the  side  B  C.  On  U  E 
describe  a  semicircle.  On  it  set  off  E  K  =  E  C.  Join  K  H.  Set 
off  H  L  =  H  K.  The  line  L  M,  drawn  from  L  through  P,  wil! 
be  the  diTisioD-line  required.*  If  UK  be  set  off  in  the  contrary 
direction,  it  will  fix  another  line  L'  P  M',  meeting  C  B  prodnced, 
and  thus  parting  off  another  triangle  of  the  required  content. 

DemoMtration.  B7  oonRtrDotion,  G  F  C  =  the  required  oontent.  How, 
G  P  0  =  G  D  0,  rina«  ther  have  the  eame  base  and  equal  altitudeB.  We  have 
now  to  prove  that  L  M  0  =  0  D  C.  These  two  triangles  have  a  cmamon 
angle  at  0.  Henoe,  they  are  to  oaoh  other  as  the  rectangles  of  the  a^j"*^"' 
rides— i.  e., 

GDO:LMO::GOxCD::LCxCM. 
Here  0  M  is  ankDowa,  and  must  be  eliminiited.    We  obtain  an  ezpresaon  icx 
It  b7  meana  of  the  similar  triangles  LUG  and  L  E  P,  which  give 
LE:  LO::  EP  =  CD:  CM. 

Hence,  OHk -——^^ .  Substituting  this  value  of  Gtf  in  the  fint  pro- 
portion, and  canceling  0  D  in  the  last  two  terms,  we  get 

GD0:LMO::  GO:  ^';  orGDC:LMC::GOxLE;LC. 

LO'  =  (LH  4  HC)'  =  LII'  +  2LH  x  11  C  +  II  C. 
But,  bj  construction, 

LH'=UK'=HE'— EK'=HE'— EC'=(HE+ECKHE— EO=HC(IlE— EG). 
Also,  G0  =  2H0;  HndLE  =  I,U  +  nE. 

Bobetilnting  these  values  in  the  last  proportion,  it  becomes 
GDO:  LMO::a.  HC(LH+IIE):  H  C  fHE-EC) +2LnxH  C+HCF. 
::3LU+!JHE         :HE-EO  +  aLlI  +  nO. 

:nE-EC  +  2LII  +  HE  +  Ea 
:  3  H  E  +  2  L II. 
The  last  two  terms  of  this  proportion  are  thus  proved  to  be  equal.    There- 
fore, the  first  two  terms  are  also  equal— i.  0,  L M C  =  G D 0  =  the  required 
oonteDC 

Since  HK  =  V  (HE"  —  EK*),  It  will  have  a  negative  as  well  as  a  pod- 
live  value.  It  may  therefore  be  set  off  in  the  contrary  direction  from  L— 
L  e.,  to  L'.  The  line  drawn  from  L'  through  P,  and  meeting  0  B  produced 
beyond  B,  will  part  off  another  triangle  of  the  required  content. 

Example.  Let  it  be  reqnired  tn  part  off  31*175  acres  by  a  fence 
passing  through  a  point  P,  the  distance  P  D  of  P  from  the  side 

*  As  some  lines  in  the  figiire  arc  not  used  in  the  construction,  Ihou^  needed  foi 
the  demonstTBtioQ,  the  student  sboold  draw  it  hiniKlf  U>  a  Urge  scalQ. 
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B  0,  meaenred  parallel  to  A  G,  beiog  6  chains,  and  D  C  18  chaius. 
The  angle  at  0  is  fixed  by  a  "  tie-line  "  A  B  =  48-00,  B  0  being 
42-00,   and   C  A  being   30-00.     Ana. 
C  L  =  27-31   chains,  or  C  L'  =  7-69  "^ '    j^      . 

ohsiUB.  i      ylM 

The  figure  is  on  a  scale  of  SO  ,  p  V_J<1 

chainB  to  1  inch  =  1  :  15840.  /s\     \ 

If  the  angle  of  the  field  and  the  /     I!  \    \ 

position  of  the  point  P  are  girea  by  /         jl    \  \ 

bearinga   or   angles,    proceed    thus  :  X  1 1       \  I 

Find  the  perpendicular  distances,  P  Q        / I  !        'I 

and   P  R,   from  the  given  point  to 

the  sides,  by  the  formulas  P  Q  =  P  0  .  ein.  P  0  Q  ;  and  P  R  = 

PO.  sin.  POB.    LetPQ::?,  PE=j),  and  the  required  con- 

~p      V\P'      /.sin.  L  CM/' 

Dmnonttratiim.  Boppose  the  line  L  U  drawn.  Then,  by  Art.  61,  note, 
the  required  content,  c  =  ^  .  0  L  x  0  M  .  sin.  L  O  M.  Tbie  content  will  also 
equal  Uie  eam  of  the  two  triunglee  L  0  F  and  M  0  P— L  e.,  e  =  ^.CL  xp  + 

i  .  OH  X  ;.    The  flnt  of  tfaeBe  eqnationa  ^\ 

Sabetitnting  this  In  the  second  equation,  we  have 

•  =  *■<"""'  + OTT^LOM- 
Whence,  )p  .  OL*  .  sin.  LOM  +  e;  =0  .  CL  .  sin.  LOU. 

Xranspoung  and  dividing  by  the  coefficient  of  0  L',  we  get 


tent  =  c    Then  0  L  = 


'OL.nn.LOU* 


.0L=- 


OL 


P     V  \p>     p.mn.  LOU/" 


If  the  given  point  is  ouUieU  ot  the  tines  OL  and  OU,  cooceive  the  d^ 
■ired  line  to  be  drawn  from  it,  and  another  line  to  join  the  given  point  to 
tbe  corner  of  the  field.  Then,  as  above,  get  expressions  for  the  two  triangles 
than  formed,  and  put  their  snm  eqaal  to  the  expression  for  the  triangle  which 
ooniprehenda  them  both,  and  thence  dedooe  the  desired  distance,  nearl;  as 

Example.  Let  the  angle  LCM  =  83°.  Let  it  be  required  to 
part  ofE  the  same  area  as  in  the  preceding  example.  Let  P  G  = 
19-75,  PGQ  =  17''30i',  PGB  =  64''29V.  Required  0  L.  Ans. 
PQ=5-94,  PR  =  17-82,  and  therefore,  by  the  formula.  CL= 
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FIO.SBB. 


27'3I,  or  CL'=:7'69;  corresponding  to  the  gn^bical  solution 
The  fignre  is  on  the  same  scale. 

If  the  given  point  were  without  the  field,  the  division-line  conld 
be  determined  in  a  similar  manner. 

421.  To  part  off  a  aoadrilateraL  Conceive  the  two  sides  of  the 
field  which  the  division-line  will  interaeot,  D  A  and  0  fi,  prodaccd 
till  they  meet  at  a  point  G,  not  shown  in 
the  figure.  Calcolate  the  triangle  thns 
formed  outside  of  the  field.  Its  area,  In- 
creased by  the  required  area,  will  be  that 
of  the  triangle  E  F  G.  Then  the  problem 
is  identical  with  that  in  the  last  article. 
The  following  example  is  that  given  in 
Gummere*s  "Surveying."  The  fignre  rep- 
resents it  on  a  scale  of  SO  chains  to  1  inch 
=  1  :  15840. 

Example.  A  field  is  bounded  thus  :  N.  14"  W.,  15-20  ;  N.  70^° 
E.,  20-43  ;  S.  e'E.,  22-79  ;  N.  861°  W.,  18*00.  A  spring  within 
it  bears  from  the  second  comer  S.  75''B.,  7-90.  It  is  required  to 
cnt  oft  10  acres  from  the  west  aide  of  the  field  by  a  straight  fence 
through  the  spring.  How  far  will  it  be  from  the  first  corner  to 
the  point  at  which  the  division-fence  meets  the  fourth  side  ?  Ang. 
4*635?  chfuns. 

422.  To  part  off  any  Figore.    Let  it  be  required  to  part  off  from 

a  field  a  certain  area  b;  a  line 
passing  through  a  given  point 
P  within  the  field.  Run  a 
guess  -  line  A  B  through  P. 
Calculate  the  area  which  it 
parta  oS.  Call  the  difference 
between  it  and  the  required 
area  =  d.  Let  C  D  be  the  de- 
sired line  of  division,  and  let 
P  represent  the  angle,  A  PC 
or  BPD,  which  it  mates  with  the  given  line.  Obtain  the  angles 
PAO  =  A,  and  PBD  =  B,  either  by  measurement,    or  by  de- 
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dactioQ  from  bearings.    Measure  PA  and  P  B.    Then  the  desired 
angle  P  will  be  given  by  the  following  formula: 

Cot  P=  -i  (cot.  A  +  cot-B-^^jj-^— -)± 

r  /AF.oot  B-BP*.  cot  A  ,    .         .    „, 

1 1/ 5^ cot  A  .  cot  B  + 

i(cotA  +  .,ot.B-^'"^- "'")•]. 

If  the  gnesa-lioe  be  ran  bo  as  to  be  perpendicular  to  one  of  the 
sides  of  the  field,  at  A,  for  example,  the  preceding  expression  re- 
duces to  the  following  simpler  form  : 

Cot.  P=  -t(cot.  B-  ^'"~/'")  ± 
/rA  P" .  cot.  B  ,  , /■    ._        AP-BP-l'T 

Jfeitwnttratian.  The  diflerenoe  d,  bettresD  the  areas  parted  off  b7  th« 
gDeBs-Une  A  B,  and  the  reqnired  line  0  D,  is  eqaal  tu  the  difference  between 
the  triangles  A  P  G  and  B  F  D. 

Bj  Art.  61,  note,  the  triangle  APO  =  i  .  AP*  .  "^^  ^  '  ''p^. 

Slmilarlj,  the  triangle  B  P  D  =  1 .  B  P"  ^Hil—^?^ . 

.  _        .  p,  MB.  A  an.  P  _  1  D  [n    lio.  B  .  gin.  P 

■'■      ~  *  ■  Bin.  {A  +  P)      *  ■  aia.  (B  +  P)  ' 

B;  the  espreasioD  for  ain.  (a  +  b)  [Trigonometr;,  Art.  8],  ire  have 

J_IAP*  flip.  A  ■  sin.  P ain.B.Bin.P 

*  ■  sin.  A .  COS.  P+9in.  P.  OOB.  A  ain.  B .  cos.  P+sin.  P.  co«.  B 
Difiding  each  fraction  b;  ita  nnmerator,  and  remembering  that  — e 

^  cot.  Of  we  have 

^  _  _  jAP* i  B  P* 

cot.  P  +  cot.  A        cot.  P  +  cot.  B  ■ 


,  let  p  =s  cot.  P ;  n  =  cot.  A ;  and  6  =  cot  B.    The  abo« 
aqaation  will  then  read,  mnltiplf  ing  both  sides  bj  2, 

p  + A       p  +  i 
Gleariog  of  fractions,  we  have 

idp'+2dap  +  2dbp  +  aiaS  =  p.AP'+  b.  AP*  — p.BP«-«  .  B  P", 
Transposing,  dividing  Chrongh  bj  2  d,  and  separating  into  factors,  we  get 
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If  A  =  Wy  cot.  A  =  0;  sod  the  eipreaaion  redaoei  t 
given  in  the  anjole. 

Example.  It  waa  required  to  cat  ofF  from  a  field  twelve  acres 
by  a  line  passing  through  a  spring  P.  A  gaese-ltne,  A  B,  was  run 
making  an  angle  with  one  aide  of  the  field,  at  A,  of  55°,  and  with 
the  opposite  side,  at  B,  of  61°.  The  area  thus  cat  o£F  wae  fonod 
to  be  13*10  acres.  From  the  spring  to  A  was  9*30  chains,  and  to 
B  3*30  chains.  Required  the  angle  which  the  required  line,  C  D, 
must  make  with  the  guess-line,  A  B,  at  P.  Ana.  20°  45' ;  or 
—  86°  25'.     The  heavy  broken  line,  C  D',  shows  the  latter. 

The  scale  of  the  figure  is  10  chains  to  1  inch  =  1  :  7930. 

If  the  given  point  were  outside  of  the  field,  the  calculations 
would  be  similar. 

F.  Bt  thb  Shobtkat  Fowiblb  Lixb. 
4SS.  To  part  off  a  Triangle.    Let  it  be  required  to  part  off  a 
triangular  space,  B  D  E,  of  given  content,  from 
the  corner  of  a  field,  ABC,  by  the  shortest  pos- 
sible liue,  D  E. 

From   B  set  off  BD  and  BE  each  equal  to 

be  perpendicular  to  the  line,  B  F,  which    bi- 
sects   the    angle    B.     The    length    of    D  E  = 
V  (2  ■  D  B  E .  sin.  B) 
COS.  ^  B 

DemojutTation  Oonceive  a  perpendicular,  B F,  to  belet fall  from  B  to 
tbe  required  line  D  E.  Let  B  represent  tbe  angle  D  B  E,  and  j9  the  unknown 
an(^e  DBF.  The  angle  B  D  P  =  90°  -  0 :  nnil  the  angle  B  E  F  =  SO"  — 
(B  —  ^)  =  90°  —  B  +  S.  By  Art.  61,  note,  the  area  of  the  triangle  DEE 
sitLBI)E^9tn.BED_  Bin.  (90°—^)  Bin.  (90°— B+ffl 

3.(BDE +BED)~*'  ■  ein-B 

„  ^„,  2xDBEx  9iD.  B  2  X  DBE  X  Bin.B 

Henoe,  D  E'= ■ = . 

^  sin.  (B0°-  ;3) .  (ain.  (90°—  B  +  3)       cos.  ^  .  cob.  (B  ~  (3) 

Now,  in  order  that  D  E  may  be  the  least  posaible,  the  denominator  of 

the  last  fraction  must  be  the  greatest  possible.    It  may  be  transformed,  by 

Ih«  formala,  coa.  a  .  cos.  h  =  \  cos.  (a  +  i)  +  ^ .  cos.  (a  —  h)  [Trigonometry, 

Art  8],  into  i  cos.  B  +  | .  cob.  (B  —  9  j3).    tiinoe  B  ie  constant,  the  v»lae  ot 


The  line  D  E  thas  obtained  will 


■  i  D  E' . 
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this  axpresuon  depends  on  its  Mcond  term,  and  tluit  will  be  the  greatest  pos- 
rible  when  B  —  2  /9  =  0,  in  which  case  /S  =  i  B. 

It  hence  appears  tbst  the  required  line  D  E  ia  perpendionlar  to  the  line, 
B  F,  which  bisects  the  given  angle  B.  This  jpves  the  direetion  in  which 
D  £  ia  to  be  ran. 

Ita  starting-point,  D  or  E,  ie  fontid  thus :  The  area  of  the  triangle  D  B  E 
=3  t  B  D  .  B  E  .  sin.  B.     Since  the  triangle  is  isosoeles,  tliia  becomes 

DBE  =  jBD'.mn.B;  wh(iacf>B  D  =  ^(~^-^-^\  . 

D  E  is  obtained  from  the  expression  for  I>  E*,  which  becomes,  niafciDg^=iB, 
axDBExmn.B  p^^l'(2.DBE.ain.B) 

COS.  i  B  .  COS.  i  B  '  COS.  I  B 

Example.  Jjet  it  be  required  to  part  off  1  '3  acre  from  the  cor- 
ner of  a  field,  the  angle,  B,  being  30°.  Ana.  B  D  =  B  E  =  7-81 ; 
and  DE  =  3-73. 

The  scale  of  the  figure  ia  10  oliains  to  1  inch  =  1  :  ?d80. 

O.  Land  of  Yariablb  Talob. 

434.  Let  the  figure  represent  a  field  in  which  the  laud  is  of  two 
qualities  and  valnes,  divided  by  the  "  quality-line  " 
EF.     It  is  required  to  part  off  from  it  a  quantity  ^  * 

of  laud  worth  a  certain  sum,  by  a  straight  fence 
parallel  to  AB. 

Multiply  the  T^ne  per  acre  of  each  part  by 
its  length  (in  chains)  on  the  line  A  B,  add  the 
producte,  multiply  the  value  to  be  set  oS.  by  10, 
divide  by  the  above  sum,  and  the  quotient  will  be 
the  desired  breadth,  B  C  or  A  D,  in  chains. 

DamonttratUm.  Let  a  =  vabie  per  acre  of  one  portion  of  the  land, 
and  i  that  of  the  other  portion.    Let  c  =  the  width  reqnired,  B  0  or  A  D. 

Then  the  valoe  Of  B  0  F  E  =  a  x' ^^-^^-^  ,  andthe  valneof  A  DPE  =  »  x 

10      ' 
g  X  AE 
10 

Patting  tbe  sam  of  these  eqnal  to  the  value  required  to  be  parted  off,  we 
obtai       _  'aloe  regoired  x  10 
"'a xBE+JxAE' 

Example,  Let  the  land  on  one  side  of  E  F  be  worth  t^OO  per 
acre,  and  on  the  other  side  tlOO.  Let  the  length  of  the  former, 
BE,  be  10  chains,  and  £  A  be  30  chains.     It  is  required  to  part  o£F 
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a  quantity  of  land  worth  $7,500.  Ans.  The  width  of  the  desired 
strip  will  be  15  chains. 

The  scale  of  the  tignre  is  40  chains  to  1  inch  =  1  :  316S0. 

It  the  "quality-line"  be  not  perpendicular  to  A  B,  it  may  be 
made  bo  by  "giving  and  taking,"  or  ae  in  the  article  foUowiug 
this  one. 

The  same  method  may  be  applied  to  land  of  any  nnmber  of 
different  qnalitiea ;  and  a  combination  of  this  method  with  the 
preceding  problems  will  Bolve  any  case  which  may  occnr. 

H.  STBAiaHTBKiNo  Obookbd  Fehobb. 
42B.  It  is  often  required  to  substitute  a  straight  fence  for  a 
crooked  one,  so  that  the  former  shall  part  oS  precisely  the  same 
quantity  of  land  aa  did  the  latter.     This  can  be  done  on  a  plat  by 


the  method  given  in  Art.  76,  by  which  the  irregular  figure  1...2... 
3.. .4.. .5  is  reduced  to  the  equivalent  triangle  1...5...3',  and  the 
straight  line  5.. .3'  therefore  parts  off  the  same  quantity  of  land  on 
either  side  aa  did  the  crooked  one.  The  distance  from  1  to  3',  as 
found  on  tho  plat,  can  then  be  set  out  on  the  ground  and  the 
straight  fence  be  then  ranged  from  3'  to  5. 

The  work  may  be  done  on  the  gronnd  more  accurately  by  run- 


ning a  gnesB-line,  A  0,  Fig.  303,  across  the  bends  of  the  fence 
which  crooks  from  A  to  B,  measuring  offsets  to  the  bends  on  oax-h 
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aide  o(  the  guess-line,  and  calculating  their  content.  If  the  Bums 
of  tlieBe  areas  on  each  Bide  of  A  C  chanced  to  be  equal,  that 
vould  be  the  line  desired  ;  but  if,  as  in  the  figure,  it  passea  too  far 
on  one  aide,  divide  the  difference  of  the  areaa  by  A  C,  and  aet  off 
the  quotient  at  right . angles  to  A  G,  from  A  to  D.  DC  will  then 
be  a  line  parting  off  the  same  quantity  of  land  aa  did  the  crooked 
fence.  If  the  fence  at  A  was  not  perpendicular  to  A  C,  but  oblique, 
as  A  E,  then  from  D  run  a  parallel  to  A  0,  meeting  the  fence  at  E, 
and  E  C  will  be  the  reqnired  line. 

DIVIDINO  UP  LAITD. 

486.  Moat  of  the  problems  for  "  dividing  up "  land  may  be 
brought  ander  the  oases  in  the  preceding  articles,  by  regarding  one 
of  the  portions  into  which  the  figure  is  to  be  divided  as  an  area 
to  bo  "parted  off"  from  it.  Many  of  them,  however,  canbe  most 
neatly  execnted  by  conaidering  them  as  independent  problems,  and 
thia  will  be  here  done.  They  will  be  arranged,  first,  according 
to  the  simplicity  of  the  figure  to  be  divided  up,  and  then  aub- 
arranged,  according  to  the  manner  of  the  diviaioQ. 

Dtviaion  ot  Triangles. 

487.  B7  LisM  parallel  to  a  Side.  Suppose  that  the  triangle 
A  B  G   ia  to  be  divided  into  two  equivalent 

parts  by  a  line  parallel  to  AC.  The  desired 
point,  D,  from  which  this  line  is  to  start, 
will  be  obtained  by  measaring  B  D  =  A  B  ^ 
J.    Sq,  too,  B  ia  fixed  by  BE=BCv'i-  a-^^ 

Generally,  to  divide  the  triangle  into  two 
parts,  B  D  E  and  A  C  E  D,  which  shall  have  to  each  other  a  ratio 

=  m  :  n,  we  have  B  D  =  A  B  4/  — ; — . 
r  m+  n 

This  may  be  coDBtmcted  thus  :  Deacribe  a 

semicircle  on  A  B  as  a  diameter.     From  B  aet  off 

B  F  = — -j—  .  B  A.     At  F  erect  a  perpendicular 

meeting  the  semicircle  at  G.     Set  off  B  G  from 
B  to  D.     D  ia  the  starting-point  of  the  diTiaion- 
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line  required.     In  the  figure,  the  tiro  pftrts  are  as  2  to  3,  and 
B  F  is  tberefore  =  }  B  A. 

'To  diyide   the  triangle  ABO  into  five  equiralent  parts,  we 
should  haTe,  aimilarl;,  B  D  =  A  B  y'i ; 
'^'^g  BD'=  AB  VI;BI>'  =  AB  Vt;  BD'" 

=  ABVf 

The  same  method  will  divide  the  tri- 
angle into  any  desired  onmber  of  parts 
baring  an;  ratios  to  each  other. 

42S.  By  Lines  perpendienlar  to  a  Side. 
Suppose  that  A  B  0  is  to  be  divided  into 
two  parts  baring  a  ratio  =  m  :n,hj  &  line  perpendicular  to  A  C, 
Let  E  F  be  the  diriding  line  whose  po- 
sitioQ  is  required.    Let  B  D  be  a  per-  *^-  ***. 

pendicular  let   fall  tcom   B    to  A  0. 

Then  is  A  E  »  ^(k  0  x  A  D  X 

— ^— ).  Intbi8fignre,AFE:BFB0 

: :  m  :  n  : :  1  :  2. 

If  the  triangle  had  to  be  dirided  into  two  equiralent  parts,  tbs 
above  expression  would  become  AE  =  ^(^AO  X  AD). 

D«moMUnUion.    Bf  hrpothesia,  AEF  :EFBO  : :  m:  n;  whenoeAEF: 

ABOiiMim  +  n;    and  AEF=ABO  -^-  =  ^^4^--—     • 
m  +  fi  3  m  +  » 

Also,  AEF  =  i.  AE  x  EF. 

The  rimilar  triaDglen  A  E  F  and  A  BD  give  AD:DB::AE:£F  = 

The  second  expreaaion  for  A  E  F  then  beoomu  A  E  F  = 

Eqaatiuf  this  with  the  other  ralae  of  AEF,  we  hare 

^^^1^;  whenoeAE  =  4//AOxADx-?-Y 
»  mt-n         a.  AD  Y    \  m  +  n/ 

489.  Sj  Lines  numing  in  any  Qiren  DireotloiL  Let  a  triangle. 
A  B  G,  be  giren  to  be  diridod  into  two  parts,  baring  a  ratio  =  m  :n, 
b;  a  line  making  a  giren  angle  with  a  aide.  Part  o9,  as  in  Art 
413  or  414,  Fig.  298,  an  area  B  F  G  =  ^—  .ABO. 


AD 
.  T.    DB  X  AE 


AOxDB      m 
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430.  By  Lines  gtartiiig  fnna  an  Angle,    Diride  th«  side  oppo- 
Bite  to  the  giyen  angle  ioto  the  required  num- 
ber of  parts,  and  draw  lines  from  the  angle  ^'^-  '"S- 
to  the  points  of  division.     Id  the  figure  the 
triangle  is  represented  as  being  thus  divided 
into  two  equivalent  parts. 

If  the  triangle  were  required  to  be  divided 
into  two  parts,  having  to  each  other  a  ratio  = 

m  :n,  weshoald  have  AD  =  AC — i —  ,  and  DC  =  A  0 — j — . 

If  the  triangle  bad  to  be  divided  into  three 
''°-  '**■  parts  which  should  be  to  each  other  : :  m  :  • 


:  p,  we  should  have  A  D  =  A  0  - 


+  «+;»• 


D  E  =  A  0  — r^^-T—  ,    and  B  C  =  A  0 


m-\-n-\-p' 
Suppose  that  a  triangular  field,  ABC, had  to  be  divided  among 
five  men,  two  of  them  to  have  a  quarter  each,  and  three  of  them 
each  a  sixth.  Divide  A  0  into  two  equal  parte,  one  of  these  agun 
into  two  equal  parte,  and  the  other  one  into  three  equal  parta. 
Bud  the  lines  from  the  four  points  thas  obtained  to  the  angle  B. 

431.  By  Lines  itarting  from  a  Point  in  a  Side.  Suppose  that 
the  triangle  A  B  C  is  to  be  divided  into  two 
equivalent  parts  bj  a  line  starting  from  a  point 
D  in  the  side  A  C.  Take  a  point  E  in  the 
middle  of  AC.  Join  BD,  and  from  E  draw 
a  parallel  to  it,  meeting  A  B  in  F.  D  F  will 
be  the  dividing  line  required. 

The  point  F  will  be  most  easily  obtained 
on  the  ground  by  the  proportion  AD  :AB  ::AE  =  ^AO  :AP. 

The  altitude  of  AFD  of  course  equals  |ABC-^}AD. 

If  the  triangle  is  to  be  divided  into  two  parts  having  any  other 
ratio  to  each  other,  divide  A  0  in  that  ratio,  and  then  proceed  ai 

before.     Let  this  ratio  =  m  :  n,  then  A F K t-^ .   — -7—. 

'  AD  m  +  i* 
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Dmwmitration.    In  Fig.  810,  onnoeive  the  line  EB  to  be  drano.    Tbe 

triangle  AEB  =  iA  BO.  having  the  HAiue  altJtnde  and  lialf  the  base ;  and 
A  F  D  =  A  E  B,  because  of  the  equivsleacv  of  the  triangles  E  F  U  and  E  F  B. 
which,  with  A  E  F,  inalie  np  A  F  D  and  A  E  B. 

The  point  F  is  fixed  b;  tlie  similar  triangles  A  D  8  and  A  E  F. 
The  expression  for  A  F,  in  the  last  paragraph,  is  given  b;  tlie  proportJon, 
ABC:ADF;:ABxAO:ADx  AF; 
-  AB  X  AO  ADF  _  ABx  AO       m 
AD       '  A  B  0  ~ 


wbenoo, 


AF-~ 


AD      'm  +  » 


Fifl.  SIL 


IText  Bappoee  that  the  triangle  ABO  is  to  be  divided  into  three 
equivalent  parta,  meeting  at  D.  The 
altitiides,  E  F  and  Q  H,  of  the  parts 
A  D  E  and  D  0  G,  will  be  obtained  by 
dividing  ^  ABC,  by  halt  of  the  re- 
spective  bases  A  D  and  D  C. 

If  one  of  these  qnotienta  gives  an 
altitude  greater  than  that  of  the  tri> 
angle  ABC,  it  will  show  that  the  two  lines  D E  and  D  G  would 
both  out  the  same  side,  as  in  Fig.  313,  in 
which  E  F  is  obtained  as  above,  and  G  U  Fio.  sis. 

ssfABC  +  tAD. 

In  practice  it  is  more  convenient  to 
determine  the  points  F  and  G,  by  these 
propoitions : 

BK:AK::EF:AF;andBK:AK 
: :  G  H  :  A  H. 
The  division  of  a  triangle  into  a  greater  nnmber  of  parts,  hav- 
ing any  ratios,  may  be  effected  in  a  similar  manner. 

This  problem  admits  of  a  more  elegant  solnt^'.n,  analogous  to 
that  given  for  the  division  into  two 
parts,  graphically.  Divide  AC  into 
three  equal  parts  at  L  and  M.  Join 
B  D,  and  from  L  and  U  draw  parallels 
to  it,  meeting  A  B  and  B  C  in  E  and 
G.  Draw  E  D  and  G  D,  which  will 
be  the  desired  lines  of  division.  The  figure  is  the  same  triangle 
as  Fig.  311. 

The  points  E  and  G  can  be  obtained  on  the  ground  by  measiu> 


Fia.  3 13. 
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ing  A D  sod  A B,  and  making  the  proportion  AD  :  A B  : 
AE.     The  point  Q  is  eimiliirly  obtained. 

The  same  method  will  divide  a  triangle  into  a  greater  number 
of  parte. 

To  divide  a  triangle  into  four  equivalent  triangles  hy  lines 
terminating  in  the  sides,  is  very  easy. 
From  D,  the  middle  point  of  AB,  draw 
D  E  parallel  to  A  C,  and  from  F,  the 
middle  of  A  C,  draw  P  D  and  F  K 
The  problem  is  now  solved. 

432.  By  Lines  patting  thiongh  a  Point 
within  the  Triangle.    Let  D  be  a  given  point  (such  as  a  well,  etc.) 

vrithin   a   triangular    field  ABC,   from 
Fib.  8ib,^  which   fences  are  to  run  so  as  to  divide 

the   triangle  into  Itoo  equivalent  parts. 

Join  A  D.     Take  E  in  the  middle  of  B  C. 

and  from  it  draw  a  parallel  to  D  A,  meet' 

ing  A  C  in  F.  E  D  F  is  the  fence  required. 
If  it  be  required  to  divide  a  trian- 
gle into  two  equivalent  parts  b;  a  straight  line  pasaing  through 
a  point  within  it,  proceed  thus :  Let  P  be  the  given  point.  From 
P  draw  P  D  parallel  to  A  C,  and 
PE  parallel  to  BO.  Bisect  AG 
at  P.  Join  F  D.  From  B  draw 
B  Q  parallel  to  D  F.  Then  bi- 
sect 0  0  in  H.  On  H  E  de- 
scribe a  semicircle.  On  it  set  oS 
EK  =  EC.  Join  KH.  Set  off 
H  L  ;=  n  K.  The  line  L  M  drawn 
from  L,  through  P,  will  be  the 
division-line  reqaired. 

This  figure  is  the  same  as  that 
of  Art  416.     The  triangle  ABC        .    _„ 
contains  63-35  acres,  and  the  dis-     //■■'/ 
tanoe    CL  =  27-31   chains,   as  in  ^""i  ' 
the  example  in  that  article. 


f'  B 


no.  sia. 
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433.  Next  suppose  that  the  triangle  A  B  G  is  to  be  diTided  into 
tAres  equiTftlent  parts  bjlines  starting 
^  '  from  a  point  D,  wiUiin  the  triangle, 

giveti  by  the  rectangular  co-ordinatea 
A  E  and  E  n.  Let  E  D  be  one  of  the 
ines  of  divisioD,  and  F  and  Q  the 
other  points  required.  The  i>oint  F 
will  be  determined  if  A  U  is  known ; 
AH  and  HF  being  it«  rectangular  co-ordinates.  From  B  let  fall 
the  perpendicaUr  B  K  on  A  0. 

„       .    .„      AK(4AB0-AExED)      ™         .,.       , ,. 
Then  u»  A  H  =  "ae'Ve  K^E  DVaK  *    ^^'  I^'"^"  =''  '^^ 
other  point,  G,  is  determined  in  a  similar  manner. 

D&monttratioJi.  Let  AE  =  »,ED  =  |(,  AH  =  a^,  HF  =  y',  AK  =  i», 
EB  =  «. 

The  qawlrilateral  A  F  D  E,  eqairalent  to  |  A  B  0,  bat  wbioh  we  will 
represent  gencrullj  1>;  m*,  is  made  up  uf  the  triangle  A  F  H  and  the  trnpe- 
BoWFHED. 

A  F  H  =  i  .  x-y'.  F  H  E  D  =  J  (I  -  aO  (y  +  )/')■ 

The  nmilar  triangles,  A  K  P  and  A  E  B,  give 
a:t>::!g:y'  =  — . 
Bntwtitating  tliis  valae  of  y'  in  tlie  expresraon  for  m^,  we  have 

whence,  z'  =  - 


n'-xy)  _  AK(fABO-A  E  xj^ 
KBx  AE~  AKx  ED   ' 


Fia.  818. 


The  fuTmola  is  genera),  whatever  may  be  the  ratio  of  the  a 
of  the  triangle  ABO. 

Let  D  B,  instead  of  D  E,  be  one  of  the  required  Lines  ' 
division.  Divide  ^  A  B  C  by 
half  of  the  perpendicular  D  H, 
let  fall  from  D  to  A  B,  and  the 
quotient  will  be  the  distance 
BR  To  find  G,  if,  as  in  this 
figure,  the  triangle  B  D  C  (= 
B  0  X  i  D  K)  is  less  than  ^ 
ABO>  divide  the  excess  of  the 
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latter  (which  will  be  G  D  G)  by  |  D  E,  and  the  qaotient  will 
be  C6. 

Examph.  Let  AB  =  30-00  ;  BC  =  45-00;  C  A  =  50-00.  Let 
the  perpendiculars  from  P  to  the  sides  be  these:  DE  =  10-00; 
DH  =  20-00;  DK^S-ll"}.  The  content  of  the  triangle  ABC 
will  be  666'6  square  chainB.  Each  of  the  small  triangles  must 
therefore  contain  8S2'S  Bqoare  chains,  BD  being  one  dlTiBion-line. 
We  shall  therefore  have  B  F  =  22S-2 -t- ^  DH  =  222  chains. 
BI>C  =  45Xi  X5-17i  =  116-4  sqoare  chains,  not  enongh  for  a 
second  portion,  bat  leaving  105*8  sqnaie  chains  for  G  D  O ;  whence 
0  0  =  21-16  chains.  To  prove  the  work,  calcnlate  the  content  of 
the  remaining  portion,  GDFA.  We  shall  find  DGA  =  144-8 
sqnare  chains,  and  A  D  F  =  78*0  square  chains,  making  together 
922-2  sqnare  chains,  as  required. 

The  scale  of  Fig.  318  is  30  chains  to  1  inch  =  1  :  23760. 

434.  The  preceding  case  may  be  also  solved  graphically,  thus  i 
Take  C  L  =  ^  A  C.  Join  D  L, 
and  from  B  draw  B  G  parallel 
to  D  L.  Join  D  O.  It  will  be 
a  second  line  of  division.  Then 
take  a  point,  M,  in  the  middle 
of  BO,  and  from  it  draw  a  line, 
H  F,  parallel  to  DA  DF  will 
he  the   third   line   of   division. 

This  method  is  neater  on  paper  than  the  preceding,  bnt  less  con* 
veuieat  on  the  gronnd. 

SemmttratUm.  Id  Fig.  819  D  G  is  s  ««coiid  Hue  nt  diTiaion,  becaiiee, 
jrawiDg  B  L,  the  triuDgle  B  L  G  =  ]  A  B  C ;  irnd  B  D  G  C  is  equivalent  to 
BLO,  becaoie  of  the  coiiimoD  part  BOLD,  and  the  eqaWaleocj  of  the  Cri- 
onglM  D  L  G  and  D  L  B. 

To  prove  that  D  F  is  a  third  line  of  division,  join  M  D  and  M  A.  Tlien 
BMA  =  }BGA.  From  BMA  take  M  F  A  and  add  Its  eqnivalrat  MFD, 
and  we  have  HnFB  =  }BGA=|(ABDG  — BDG)  =  i(|AB0- 
BDO)  =  )  ABO  ^  }  B  DG.  ToMDFB  addUDB,  and  add  its  equiva- 
lent, ^  B  D  Q,  to  the  other  ride  of  tlie  equation,  and  we  have 
UDFB  +  MDB  =  iABO-iBDa  +  jBDaiOr,  BDF  =  JABO. 

485.  Let  it  be  required  to  divide  the  triangle  A  B  G  into  three 
oqaivalent  triangles,  by  lines  drawn  from  the  three  angular  points 
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to  eome  unknown  point  within  the  triangle.  This  point  is  now  to 
be  found.  On  any  side,  ae  A  B,  take 
AD  =  iAB.  From  D  draw  DE  par- 
allel  to  A  C.  The  middle,  F,  of  D  E, 
is  the  point  required. 

If  the  three  small  triangles  are  not 
to  be  equivalent,  but  are  to  have  to 
each  other  the  ratios  : :  m  :  n  i  p,  A\- 

vide  a  side,  AB,  into  parts  baring  these  ratios,  and  throngh 

each  point  of  division,  D,  E,  draw  a 

parallel    to    the  side  nearest  to  it. 

The  intersection  of  these  parallels,  in 

F,  is  the  point  required.    In  the  fig- 
ure the   parts  A  C  F,   A  B  F,  B  C  F, 

are  as  2  :  3  :  4. 


no.  Sil. 


436.  Let  it  be  required  to  find  the 
position  of  a  point,  D,  situated  with! 


a  given  triangle,  ABO, 
and  equally  distant  from  the  p<fints, 
A,  B,  0  ;  and  to  determine  the  ratios 
to  each  other  of  the  .three  triangles 
into  which  the  given  triangle  is  di- 
vided. 

By  construction,  find  the  center  of 
the  circle  passing  through  A,  B,  C. 
This  will  be  the  required  point. 

ABxBCxCA 


Fia.sa8. 


By  calculation,  the  distance  DA  =  DB  =  DC  ='r^ r-g  ^  • 

The  three  small  triangles  will  be  to  each  other  as 
the  sines  of  their  angles  at  D — i.  e.,  A  D  B  : 
ADO  :  B  D  0  : :  sin.  A  D  B  :  sin.  A  D  C  t  sin. 
B  D  0.  These  angles  are  readily  found,  since  the 
sine  of  half  of  each  of  them  eqnals  the  opposite 
side  divided  by  twice  one  of  tlie  equal  distances. 

437.  By  the  Shortett  Posaible  Line.    Let  it  be 
teqoired  to  divide  the  triangle  A  B  0  by  the  short- 
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est  possible  line,  D  E,  into  two  parte,  which  shall  be  to  each 
other  ::m  :»;  orDBE:ABC::m:m  +  ». 

From  the  smallest  angle,  B,  of  the  triangle,  meoBure  along  the 

sides,  B  A  and  B  C,  a  distance  B  D=B  E= ^/(^^^  X  A  B  X  B  C  j. 

D  E  is  the  line  required.     It  is  perpendicular  to  the  line  BF  which 
bisects  the  angle  ABC;  and  it  is 

—  jin^B 

~  COS.  { 
The  formnlas  are  obtained  from  Art.  419. 


=ill/(sf^X^BxB0). 


Divisioa  ot  Rectangles. 

488.  Bjr  LineB  parallel  to  a  Side.  Divide  two  opposite  aides 
into  the  required  number  of  parts,  either  equal  or  in  any  given 
ratio  to  each  other,  and  the  lines  joining  the  points  of  dirieion  will 
be  the  Hues  desired. 

The  same  method  is  applicable  to  any  parallelogram. 

Example.  A  rectangular  field  A  B  C  D,  measuring  15*00  cbuns 
by  8-00,  iB  bought  by  three  men, 
who  pay  respectively  $300,  $400, 
and  8500.  It  is  to  be  divided 
among  them  in  that  proportion. 
Ans.  The  portion  of  the  first, 
A  E  E'B,  is  obtained  by  making  the 
proportion  300  +  400  +  300  :  800 
::  15-00  :  AE  =  3-75.  E  F  is  in 
like  manner  found  to  be  5-00  ;  and  Pl>  =  6-a5.  BE'  is  made 
equal  to  AE  ;  E'P' to  EF ;  and  FC  to  F  D.  Fenoee  from  E  to 
E',  and  from  F  to  F,  will  divide  the  land  ae  required. 

The  scale  of  the  figure  is  10  chains  to  1  inch  =  1  :  7920. 

The  other  modes  of  dividing  up  rectangles  will  be  given  under 
the  head  of  "Quadrilaterals,"  Art.  443,  etc. 


flQ.  824. 

r. 

p 

Division  of  TrapeEoids. 
438.  By  Lines  parallel  to  the  Batet.    Given  the  bases  and  a 
third  side  of  the  trapezoid,  A  B  C  D,  to  he  divided  into  two  parts, 
such  that  BCFE:EFDA::»i:». 
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The  length  of  the  desired  diridiDg  lioe, 

pp-  .//"tX  AD'  +  wXBC^ 
fto.  8«.  E  F  -  y  (^ -_^-^.^^-  y 

% c  ™,u    J-  .  ^^      ABfEF  — BC) 

I 1  The  distance  B  E  = t^t — =-7^ — '-. 

ft  I  A  it  — 15  (j 

fj!  I  DemoMtTatvm.    In  Fig.  32S,  conctdve  the  sidet 

i  1 1  I  A  B  and  D  0,  prodaced,  to  meet  in  some  point  F 

-'iV J-         Then,  by  reason  of  the  otmilar  trianpled,  A  DP: 

T\  I  BOP  :  :  AD"  :  BO",  whence,    by    '■di*ision,- 

;;  ADP-BOP  =  ABOD:BCP::AD'- 

■  1  I  B  0" :  B  0*. 

In  like  manner,  coiiiparing  E  F  P  and  BOP, 
we  get  E  B  C  F  :  B  0  P  :  E  P  -  B  0'  :  B  C*. 
Oombining  tiieae  two  proportions,  we  have 
ABCD:EBOF::AD*-BO':EF'-BC; 
or,  m  +  n:m::  AD'— BC:  EF"-  BC*. 

Wbenoe,   (m+ n)  EF'- m  .  B  0'- nBC  =  m. 
AD'  — m  .  BC; 


.  EP 


=/("- 


cAD'  +  n 


nn-  n  / 

Alao,  from  the  eimilar  trUngtes  formed  by  drawing  B  L  paraUel  to  0  D,  we 
have 

BAxEK_AB(EF-.BO) 

AL       ~     AD-BO     ' 


AL:EE:::  BA:BE  = 


Example.  Let  A  D  =  30  chains ;  B  C  =  30  chains  ;  and  A  B  = 
64^  chains ;  and  the  parts  to  be  as  1  to  3  ;  required  E  F  and  B  E. 
Ans.  EP  =  23-80  ;  and  B  E  =  20-65. 

The  fignre  is  on  a  scale  of  30  chains  to  1  inch  =  I:  23760. 

440.  Given  the  bases  of  a  trapezoid,  and  the  perpendicular  die- 
tance,  BH,  between  them;  it  is  required  to  divide  it  as  before, 
and  to  find  E  F,  and  the  altitude,  B  0,  of  one  of  the  parts.     Let 


v^[™+,' 


AD-BC^ 
SXABODxBH/BOxBHn 

AD~BT) +  U  D  -  BOy 

AD-BO 


EP=BO  +  BQx  — jg 

SmtmtCration.     Let  BEPO  =  — ^^  .  ABOD  =  a;  ]etB0  =  6;  BH 
m  +  n 
=  ft:  Bi«l  AD  —  BO  =  c.     Also,  let  BG  =x:  and  K  F  =;  ^.     Draw  B  L 
iwrallel   to  0  D.     By  ejmilar   trUnglee,   AL;EK::BA:BEt:BH: 
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BG;  or,  AD-BO:  EF-BO::BH:  BG;f.«.,<!:y-6;:  h  :  x\ 
whence  »=^^^^\ 
Aim,  the  area  BEF0na  =  ).B6(EF  +  B0)  =  )x(y  +  ft);  whence 

BobetitDtiag  thia  ratne  of  y  in  the  expreseioD  For  s,  aud  reduciai;,  we  obtain 

«*4 x= i  whence  we  have  z= *  V  I ~^  )' 

The  Mcond  proportion  above  given  y  —  6  =  —  ;  whence  y  =  £  +  — ,  2. 
B«plwdng  the  ajrabob  hj  their  linea,  we  get  the  formalas  in  the  text. 

ExampJe.  Let  A  D  =  30-00 ;  B  C  =  20-00;  B  H  =  54*00  ;  and 
the  two  parts  to  be  to  each  other  : :  46  :  89. 

The  above  data  give  the  content  of  A  B  C  D  =  1,360  square 
ohaina.  Snbatitatiug  these  numbers  in  the  above  formula,  we  ob< 
tain  BG  =  20-96,  and  EF  =  23-88. 

411.  By  LiiLM  itarting  from  Points  In  a  Side.  To  divide  a 
trapezoid  into  parts  eqaivalent,  or  having  any  ratios,  divide  its  par- 
allel sides  in  the  same  ratios,  and  join  the  corresponding  points. 

If  it  be  also  required  that  the  division-lines  shall  start  from 
given  points  on  a  side,  proceed 
thoB  :  Let  it  be  required  to 
divide  the  trapezoid  A  B  C  D 
into  three  equivalent  parts  b; 
fences  starting  from  P  and  Q. 
Divide  the  trapezoid,  as  above 
directed,  into  three  equivalent 
trapezoids  by  the  lines  E  F 
and  G  H.     These  three  trap- 

ezoids  must  now  be  transformed,  thus:  Join  EP,  and  from  F 
draw  F  B  parallel  to  it.  Join  P  R,  and  it  will  be  one  of  the  divis- 
ion-lines required. 

The  other  division-line,  Q  8,  is  obtained  similarly.* 

4tt.  Other  Ckmi.  For  other  canes  of  dividing  trapezoids,  apply 
those  for  quadrilaterals  in  general,  given  in  the  followinfr  articles. 


*  U  a  line  be  drawn  joining  the  middle  pi^tii  ol  tbo  parallel  baaea  of  a,  Irapo 
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Division  of  Quadrilaterals. 
H3.  9t  LinM  panllel  to  a  Bide.  Let  A  B  G  D  be  a  qoadri- 
lateral  which  it  is  required  to  diride,  bj  a  line  E  F,  parallel  to 
A  D,  into  two  parts,  B  E  F  C 
and  £  F  D  A,  whicfa  shall  be 
to  each  other  asm:n.  Pro- 
long A  B  and  C  D  to  inter- 
sect in  G.  Let  a  be  the 
area  of  the  triangle  A  D  G, 
obtained  by  anj  method, 
graphical  or  trigonometrical, 
and  a'  =  the  area  of  the  tri< 
angle  BOG,  obtained  by 
snbtractiug  the  area  of  the 
giTen  quadrilateral  from  that 

of  the  triangle  A  D  G.     Then  G  K  =  G  H  j/(^"|"^/)  .    HaY- 

iDg  measured  this  length  of  G  E  from  G  on  G  H,  set  off  at  E  a 
perpendicular  to  Q  E,  and  it  will  be  the  required  line  of  diTiaion. 

Dtmtmttration.  In  Fig.  827,  siooe  EF  is  parallel  to  &  D,  we  baTs 
ADa:EOF::GH';  (JE*.  E  Q  F  is  made  op  of  the  triugl«  BOO  so*, 
and  the  qoadrilaterftl  BEFO=  ~^ ~  .  ABOD=  — ^  .  (a  -  a^. 
Heuoe  the  above  pn^ortion  becomes 

a:a'  +  — ^  (a  — oT  ::  OH' :  OK';  or, 

(«  +  »i)o  :  fflo-fna' ::  GH'  :  GK';  whence  GK  =  GH  j/f^^^^'V 

r    \{m  +n}a' 


GE  is  given  by  the  proportii 
lo  Fig.  823,  the  dividon  into  p  parts  Is  fonoded  on  the 
The  triangle  EFQ  =  G  BO  +  EFOB  =  a'+- 
Q 


GH:GK::GA:aE  =  GA.~. 
prin<»ple 
Now  ADG;EFG:j 


AG*:  EG*; 


■>■»'  +  Q  : 


:  AG':EG*; 


)  GE=AG^[  "'"^  p  \. 


zoid,  ang  line  ilraivn  thraugh  the  miildlc  of  thi?  Hrat  line,  and  intersecting  the  hues, 
will  divide  the  trapezoid  into  two  cfjuiTaleDt  parts. 
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QL  ia  obtdned  b;  taking  the  trUngle  L  M  O  s  a' 
r«st. 

Otherwise,  take  G  E  =  G  A  4/  (""*  +  "")  ;  «id  from  B  run 
a  parallel  to  A  D. 

It  the  two  parte  of  the  qoadrilateral  were  to  be  equivalent, 

m  =  «,  and  we  have  G  K  =  G  H  */  (—3- — )  ;  and  consequently 
G  E  to  G  A  in  the  same  ratio. 

Example.  Let  a  qnadrilatoral,  A  B  C  D,  be  reqaired  to  be  tbng 
divided,  and  let  its  angles,  B  and  C,  be  given  by  rectangalar  co- 
ordinates, viz.,  AB'  =  6-00;  B'B  =  9-00;  D  C'=  8*00  ;  CO  =s 
13-00;  B'C's!2400.  Here  GH  is  readily  found  to  be  29-64; 
AD  G  =  663-16  square  chains ;  and  BGC  =  230-16  square  chains. 
Hence,  by  the  formula,  GK  =  24-72;  whence  KHssGH— GK 
=  4-92 ;  and  the  abecisBas  for  the  points  E  and  F  can  be  obtained 
by  a  simple  proportion. 

The  scale  of  the  figure  is  20  chains  to  1  inch  =3  1  ;  16840. 

If  the  quadrilateral  be  given  by  bearings,  part  off  the  desired 

the  formulae  of  Art.  403. 

Suppose  now  that  a  quad- 
rilateral, A  B  C  D,  is  to  be  di- 
vided into  p  equivalent  parts, 
by  lines  parallel  to  A  D, 
Measure,  or  calcalate  by  trig- 
onometry, A  G.  Let  Q  be 
the  quadrilateral  ABCD,  and,  a 


If  the  qnadriUteral  be  given  by  bearings,  part  oft  -  .  A  B  0  D, 
len  part  off  -  .  A  B  0  D,  etc  ;  so  in  any  similar  case. 
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Ml.  By  la&M  perpendictilar  to  a  Side.  Let  A  B  C  D  be  a 
quadrilateral  which  is  to  be  divided,  b; 
a  lino  perpendicular  to  A  D,  ioto  two 
parts  having  a  ratio  =  m  :  n.     By  hy- 


Ito.  «M. 


!\ 


potheeia,  A  B  E  F  =  - 


.  ABCD. 


m  +  n ' 
Taking  awa;  the  triangle  A  B  G,  the 
remainder,  O  B  £  F,  vrill  be  to  the  rest 
of  the  figure  in  a  known  ratio,  and  the  position  of  £  F,  parallel 
to  BQ,  will  be  found  as  in  the  last  article. 

416,  By  Lines  nmniag  in  any  Given  Direction.    To  divide  a 
quadrilateral  ABCD  into  two  parts  : :  m  :  n,  part  oft  from  it  an 

area  =  — ^ .  ABOD,  by  the   methods  of  Art.  407  or  408,  if 

the  area  parted  off  is  to  be  a  triangle,  or  Art.  409  if  the  area  parted 
off  ia  to  be  a  quadrilateral. 

446.  By  Lines  starting  from  ^-  »<>■ 
an  Angle.    A  B  G  D  is  to  be  di- 
vided, by  the  line  C  E,  into  two 
parts    having    the    ratio  m  :  n. 
Since  the  area  of    the  triangle 

CDE  =  — ^.ABCD,    DE 

will  be  obtained  by  dividing  this  area  by  half  of  the  altitude  C  F. 

447.  By  Lines  starting  flrom  Points  in  a  Bide,  Let  it  be  re- 
quired to  divide  ABCD  into  two 
parts  :  :  nt  :  n,  by  a  line  starting 
from  the  point  E.    The  area  ABFE 

is  known  (being  =  — ]^  .    ABOD) 

as  also  ABE;  A B,  BE,  and  E  A 
being  ^ven  on  the  ground.  B  £  F 
will    then   be  known  =  A  B  F  E  — 


ABE.    Then  OF  = 


*B£' 


and    the   point  F  is  obtained    by 
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ranning  a  parallel'  to  B  E,  at  a  perpendionlar  distoDoe  from  it 
=  GF. 

To  divide  a  quadrilateral,  A  B  C  D,  graphically,  into  two  equiv- 
alent parts  by  a  line  from  a  point, 
E,  CD  a  side,  proceed  thne  :  Draw  the 
diagonal  C  A,  and  from  B  draw  a 
parallel  to  it,  meeting  D  A  prolonged 
in  ¥.  Mark  the  middle  point,  Q,  of 
FD.  Join  OE.  From  C  draw  a 
parallel  to  E  0,  meeting  D  A  in  H. 
£  H  is  the  required  line.     The  qaad- 

rilat«ral  could  also  be  divided  in  any  ratio  =  m  :  n,  by  dividing 
PD  in  that  ratio. 

If  the  quadrilateral  be  given  by  bearings,  proceed  to  part  off  the 
desired  area,  as  in  Art.  412  or  413. 


.  Let  it  be  required  to 
Fia.  3S8. 


F*  H'  are  the  required  lines 
Let  it  be  reqaired  to 
make  the  above  division  by 
lines  starling  from  two  given 
points,  P  and  Q.  Beduce 
the  qnadrilateral  to  an  equiv- 
alent triangle  C  B  E.  Divide 
E  B  into  three  equal  parta  at 
F  and  G.  Join  C  Q,  and, 
from  G,  draw  G  E  parallel 


divide  a  quadrilateral,  A  B  0  D,  into 
three  equivalent  parts. 
From  any  angle>  as  C, 
draw  C  E,  parallel  to  D  A. 
Divide  AD  and  E  0,  each 
into  three  equal  parts,  at 
F,  F,  and  G,  G'.  Draw 
B  P,  B  F.  From  G  draw 
G  H,  parallel  to  F  B,  and 
from  G'  draw  G'  H',  par- 
allel to  F'  B.      F  H  and 

of  division. 

Fio.  384. 
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to  it     Join  C  P,  and  from  F  draw  FL  parallel  to  it.     Join  PL 
and  Q  K,  and  they  will  be  the  division-lines  reqnired. 

449.  By  LinM  paMing  through  a  Point  within  the  Figure. 
Proceed  to  part  off  the  desired  area  as  in  Art.  416  or  417,  accord- 
ing to  the  circumstances  of  the  case. 

Htvistan  ot  Polygons. 

450.  By  Linn  nuiiiing  in  any Dir«oti<m.    Let  ABCDKFG 
j^  jjj  be  a  giyen  polygon,  and  B  H  the 

direction  parallel  to  which  is  to 
be  drawn  a  line  P  Q,  dividing 
the  polygon  into  two  parts  in 
any  desired  ratio  =  m:n.     The 


D  E  P  G.  Taking  it  from  the 
area  B  G  D  E  H,,  the  remainder 
will  be  the  ansa  B  P  Q  H.  The 
quadrilateral  B  C  E  H,  0  E  being 

supposed  to  he  drawn,  can  then  be  divided  by  the  method  of  Art. 

443  into  two  parts,  BPQK  and  PQEC,  having  to  each  other 

a  known  relation. 

If  D  K  were  the  given  direction,  at  right  angles  to  the  former, 

the  position  of  a  dividing  line  RS  coald  be  similarly  obtained. 

Fia.  880. 


V-4 — \ 
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461.  Bj  Linea  starting  from  ba  Angle.  Prodace  one  side,  A  B, 
of  the  given  polygoD,  both  ways,  and  rednce  the  polygon  to  a  sin- 
gle eqnivaleDt  triangle,  X  ¥  Z.  Then  divide  the  base,  X  Y,  in  the 
required  ratio,  ae  at  W,  and  draw  Z  W,  which  will  be  the  division- 
llne  desired.  In  this  figure  the  polygon  is  divided  into  two  eqaiva- 
leDt  parte. 

If  the  diTisioD-lioe  ehoold  pass  outBide  of  the  polygon,  as  does 
Z  P,  through  P  draw  a  parallel  to  B  Z,  meeting  the  adjacent  dde 
of  the  polygon  in  Q,  and  Z  Q  will  be  the  division-line  desired. 

462.  By  Lines  starting  from  a  Point  on  a  Side.  See  Articles 
414  and  416. 

46$.  "Bf  Lines  passing  throngli  a  Point  within  the  Figure.  Part 
off,  as  in  Art.  416  or  418,  if  a  straight  line  be  required,  or  by 
gaess-Iinea  and  the  addition  of  triangles,  as  in  Art.  433,  if  the 
lines  have  merely  to  start  from  the  point,  such  as  a  spring  or  well, 

464.  OtlLer  Froblems.  The  following  is  from  Oummere's  "Sur- 
Teying"  :  Question.  A  tract  of  laud  is  bounded  thus  :  N.  85}°  E., 
23-00  ;  N.  75^"  E.,  30-50  ;  S.  3}"  E.,  46-49  ;  N.  66}°  W.,  49-64. 
It  is  to  be  divided  into  four  eqnivalent  parts  by  two  straight  lines, 
one  of  which  is  to  run  parallel  to  the 
third  side  ;  required  the  distance  of  the 
parallel  division-line  from  the  first  comer, 
measured  on  the  fourth  side ;  also  the 
bearing  of  the  other  division -line,  and  its 
distance  from  the  same  corner  measured 
on  the  first  side.  Ans.  Distance  of  the 
parallel  division-line  from  the  first  curner, 
33-50;  the  bearing  of  the  other,  S.  88° 
22'  E. ;  and  its  distance  from  the  same 
comer  5 -99. 

The  scale  of  the  figure  is  40  chains  to  1  inch  =  1  :  31680. 

An  indefinite  number  of  problems  on  this  subject  might  be  pro- 
posed, but  they  would  be  matters  of  curiosity  rather  than  pf  utility, 
and  exercises  in  geometry  and  trigonometry  rather  than  in  survey* 
mg. 

20 


Fra.  331. 
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CHAPTER  VII. 

TBE  PUBLIC  LANDS   OF  THE    UNITED  STATES. 

486.  Qflotral  STltam.  The  public  lands  of  the  United  States  ot 
America  are  generally  divided  and  laid  out  into  sqnarea  (approii- 
matelj),  the  aides  of  which  run  truly  north  and  Boath,  or  east  and 
weat 

This  in  effected  hy  means  of  meridian  lines  and  parallels  of  lati- 
tude, established  six  miles  apart.  The  squares  thus  formed  are 
called  Townships.  They  oontaia  36  square  milea,  or  23,040  acres, 
'*as  nearly  as  may  be."  A  principal  meridian,  running  due  north 
and  south,  and  a  base-line,  running  due  east  and  west,  are  first 
established  astronomically,  and  the  half-mile,  mile,  and  six-mile 
comers  are  permanently  marked  on  them.  These  two  lines  form 
the  basis  of  all  the  subsequent  subdivision  into  townships  and  sec- 
tions. All  the  townships,  situated  north  or  south  of  each  other, 
form  a  sanqe.  The  ranges  are  named  by  their  number  east  or 
west  of  the  principal  meridian.  The 
first  range  west  of  the  meridian  would 
be  noted  as  Range  1  West  (R.  1  W.), 
and  the  next  R.  2  W.,  etc.  The  town- 
ships in  each  range  are  named  by  their 
nnmber  north  or  south  of  the  base-line. 
They  are  noted  as  Township  1  North 
(T.  1  N.),  and  the  next  one  T.  3  N.,  etc. 
Each  township  is  divided  into  3C 
BECTiONS,  each  one  mile  square,  and 
therefore  containing,  "as  nearly  as  may  be,"  640  acres.  The  sec- 
tions in  each  township  are  numbered,  as  in  the  margin,  from  1 
to  36,  beginning  at  the  northeast  angle  of  the  township,  and  going 
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vest  from  1  to  6,  then  east  tiom  1  to  13,  and  so  on  alternately  to 
aectioa  36,  vhich  will  be  in  the  southeast  angle  of  the  township. 
The  sectiona  are  subdinded  into  quarter-aections,  half  a  mile  square, 
and  containing  160  acres,  and  sometimes  into  half-quarter-Bectiona 
of  80  acres,  and  quarter- quarter-sections  of  40  acres. 

486.  Biffionlty.  The  law  requiring  that  the  lines  of  the  public- 
land  anrveys  shall  be  governed  by  the  true  meridian,  and  at  the  same 
time  that  the  townships  ehall  be  six  miles  square,  involves  a  mathe- 
matical impossibility ;  for  strictly  to  conform  to  the  meridian  neces- 
sarily throws  tbe  township  out  of  square,  by  reason  of  the  conver- 
gmcy  of  meridians ;  hence,  adhering  to  the  true  meridian  renders 
it  necessary  to  depart  from  tbe  strict  requirements  of  law  as. respects 
tbe  precise  area  of  townships,  and  the  aubdivisional  parts  thereof, 
the  towDsbip  assuming  something  of  a  trapezoidal  form,  which  ine- 
quality develops  itself,  more  and  more  as  such,  the  higher  tbe  lati- 
tude of  the  enrveys, 

*  In  view  of  these  facts,  and  under  the  provisions  of  section  2  of  the  act 
of  Hay  18,  1796,  that  sections  of  a  mile  squ&re  shall  coatain  640  acres,  a* 
nearly  as  may  he,  and  also  under  those  of  section  8  of  the  act  of  May  10, 
1800,  that  ''  in  all  cases  where  the  exterior  lines  of  the  townships,  thus  to  be 
subdivided  into  sections  and  half -sections,  shall  exceed,  or  shall  not  extend 
six  miles,  the  excess  or  deficiency  shall  be  specially  noted,  and  added  to  or 
deducted  from  the  western  or  northern  ranges  of  sections  or  half-sections  in 
such  township,  according  as  the  error  may  be  in  running  lines  from  east  to 
west,  or  from  south  to  north;  the  sections  and  half-sections  bounded  on  the 
northern  and  western  lines  of  such  townships  shall  be  sold  as  containing 
only  the  quantity  expressed  in  the  returns  and  plats,  respectively,  and  all 
others  as  containing  the  complete  legal  quantity,"  the  public  lands  of  the 
United  States  shall  be  surveyed  under  the  methods  of  the  system  of  rectan- 
gular surveying,  which  harmonises  the  incompatibilities  of  the  requirements 
of  law  and  practice,  as  follows: 

Pint.  The  establishment  of  a  principal  meridian  conforming  to  the  true 
meridian,  and,  at  right  angles  to  it,  a  base-line  conforming  to  a  parallel  of 
latitude. 

Second.  The  establishment  of  standard  parallels  conforming  to  parallels 
of  latitude,  initiated  from  the  principal  meridian  at  intervab  of  H  miles  and 
extended  east  and  west  of  the  same. 

*  These  Instroctions  (Articles  4S6  to  4B3)  are  taken  from  the"  KsnutlcfSurrejing 
lastmctioDs  for  the  Survey  of  the  Public  Lands  ot  the  United  States,"  prepared  by  the 
Commissioner  of  the  General  Land-Offlce. 
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Third,  The  establish meiit  of  guide  meridiana  conforming  to  true  meridi- 
■OS,  initdAted  upon  the  base-line  and  successive  sitandard  jiorallels  at  interv&la 
of  24  miles,  resulting  in  tncts  of  Und  24  miles  squEire,  at  nearli/  ax  may  "be, 
which  shall  be  subsequently  divided  into  tnicts  of  land  sis  miles  square  by 
two  seta  of  liDes,  one  conforming  to  true  meridians,  crossed  by  others  con- 
forming to  parallels  of  latitude  at  intervals  of  six  miles,  containing  23,040 
seres,  (U  ftearly  a*  may  be,  and  designated  toum*h^. 

Such  townships  shall  be  subdivided  into  thirty-six  tracts,  called  sections, 
each  of  which  shall  contain  640  acres,  as  nearly  as  may  be,  by  two  sets  of 
parallel  lines,  one  set  parallel  to  a  true  meridian  and  the  other  eot^forming  to 
paralleU  of  latitude,  mutually  mteisecting  at  intervals  of  one  mile  and  at 
right  angles,  a«  nearly  a»  may  be. 

Any  series  of  contiguous  townsliips  situated  north  aud  south  of  each 
other  constitutes  a  range,  while  such  a  series  situated  in  an  east-and-west 
direction  constitutes  a  tier. 

The  section-lines  are  surveyed  from  mmth  to  north  and  from  eatt  to  west, 
in  order  to  throw  the  excess  or  deficiency  in  measurement  on  the  north  aud 
west  Bides  of  the  township,  as  required  by  law.  In  case  where  a  township 
has  been  partially  surveyed,  and  it  is  necessary  to  complete  the  survey  of  the 
same,  or  where  the  chatacter  of  the  land  is  such  that  only  the  north  or  west 
portions  of  the  township  can  be  surveyed,  this  rule  can  not  be  strictly  ad' 
hered  to,  but,  in  such  coses,  it  will  be  departed  from  only  so  far  as  is  abso- 
lutely necessary.  It  will  also  be  necessary  to  depart  from  this  rule  where 
.  surveys  close  upon  State  or  Territorial  boundaries,  or  upon  surveys  extend- 
ing from  different  meridians. 

The  tiers  of  townships  will  be  numbered,  to  the  north  or  south,  com- 
mencing with  No.  1,  at  the  base-line;  and  the  ranges  of  the  townships,  to  the 
east  or  west,  begiiming  with  No.  1,  at  the  principal  meridian  of  the  system. 

The  thirty-sii  sections  into  which  a  township  is  subdivided  are  numbered, 
commencing  with  No.  1  at  the  northeatt  angle  of  the  township,  and  proceed- 
ing west  to  No.  B,  and  thence  proceeding  east  to  No.  12,  and  so  on,  alter- 
nately, to  No.  30  in  the  southeast  angle.  In  all  cases  of  surveys  of  fractional 
townships,  tlic  sections  will  bear  the  same  numbers  they  would  have  if  the 
township  was  full. 

Standard  parallels  shall  be  established  at  intervals  of  ever;  %i  miles, 
north  and  south  of  the  base-line,  and  guide- meridians  at  intervals  of  every 
24  miles,  east  and  west  of  the  principal  meridian;  thus  confining  the  errors 
resulting  from  convergence  of  meridians  'and  inaccuracies  in  measurement 
within  comparatively  small  areas. 

467.  Milking  the  Snrroy.  Ail  work  on  the  public-land  surveys  is  done, 
and  records  made,  in  strict  conformity  with  the  instructions  issued  from 
time  to  time  from  the  Qcneral  Land-ORice.  Considerable  changes  have  been 
made  in  the  methods  employed,  so  that  in  making  a  resurvey  of  any  land 
originally  surveyed  by  the  Government  it  is  ncce.ssary  to  know  under  what 
instructions  the  original  survey  was  made,  and,  where  practicable,  to  obtain 
a  copy  of  the  notes  of  the  original  survey. 
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Initial  Pomra.  Initial  poiotg  from  which  the  lines  of  the  public  auc- 
TejTB  are  to  be  extended  will  be  eatablighcd  whenever  Deceaaary,  under  such 
special  inatnictiona  as  ma;  be  prescribed  in  each  caac  by  the  CommisBionec 
of  the  General  Land-Offlce.  The  locua  of  such  initial  points  will  be  selected 
with  great  care  and  due  consideration  for  their  prominence  and  easy  identi- 
flcatioi),  and  must  be  eetablished  astro uoniically. 

The  lines  of  the  public  aurveys  ore  classified  as  follows: 

Class  1.  Base- lines  and  standard  parallels. 

Class  2.  Principal  and  guide  meridiana. 

Class  3.  Towuship  exteriors  (or  meridional  and  latitudinal  township 
boundaries). 

Class  4.  Subdivision  and  meander  lines. 

The  initial  point  having  been  established,  the  line  of  the  public  surreys 
will  be  extended  therefrom,  as  follows: 

Babb-Lihb.  1 .  From  the  initial  point  the  base-line  will  be  extended  east 
and  west  on  a  parallel  ot  latitude,  by  the  use  of  transit  or  solar  instruments, 
as  may  be  directed  by  the  surveyor-general  in  his  written  special  instruc- 
tions.    The  trtmrit  should  be  designated  for  the  alignment  of  ell  important 

3.  The  direction  of  base-lines  will  conform  to  parallels  of  latitude  and 
will  be  controlled  by  true  meridians;  consequently  the  correct  determination 
of  true  meridians  by  ^Menatian*  on  Polarii  at  eUmgation  *  is  a  matter  of  prime 
importance. 

3.  When  transits  ore  employed,  certain  reference-lines  f  having  a  known 
position  and  relation  to  the  required  parallel  of  latitude  will  be  prolonged  as 
straight  lines,  by  two  back  and  two  fore  sights  at  each  setting  of  the  inatru- 
mcnt,  the  horixontal  limb  being  revolved  180°  in  azimuth  between  the  obser- 
vations. 

4.  Where  solar  apparatus  is  used,  the  deputy  will  test  the  instrument, 
■whenever  practicable,  by  comparing  its  indications  with  a  meridian  deter- 
mined by  Polaris  observations  i  and  in  all  cases  where  error  is  discovered  he 
will  make  the  necessary  corrections  ot  his  line  before  proceeding  with  the 
Biirvey.     All  operationa  will  be  fully  described  in  the  field-notes. 

5.  The  proper  township,  section,  and  quarter-section  comers  will  be 
established  at  lawful  intervals,  and  meander  comers  at  the  intersection  of 
the  line  wilh  all  meanderable  streams,  lakes,  or  bayous. 

6.  In  order  to  detect  errors  and  insure  accuracy  in  measurement,  two 
sets  of  chainmen  will  he  employed:  one  to  note  distances  to  intermediate 
points  and  to  locate  topographical  featurea,  the  other  to  act  as  a  check. 
Each  will  measure  fort;  chaina,  and  the  proper  comer  will  be  placed  mid- 
way between  the  ending-points  of  the  two  measurements. 

The  deputy  will  be  present  when  said  corner  is  thus  established,  and  will 
record  in  the  body  of  hia  field-notes  the  diatancea  to  the  same,  according  to 
the  measurement  by  each  set  of  chainmen. 

To  obviate  collusion  between  the  set*  of  chainmen,  the  second  set  ahould 

*  See  page  171.  f  ^"^  <i«Mila  sec  pages  834  to  342. 
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commence  at  a  poiot  in  advance  of  the  begiDDing  comer  of  the  Brst  set,  the 
initial  difference  in  measuremeDt  thua  obtained  being  known  only  to  the 
deputy. 

Principal  Hebidiam.  1.  This  line  sliall  eonform  to  a  true  meridian  and 
will  be  extended  from  the  initial  point,  either  north  or  south,  or  in  t>oth 
directions,  as  the  conditions  may  require,  by  the  use  of  tranait  or  solar  in- 
struments, as  may  be  directed  by  the  surveyor-general  in  his  special  written 
instructions. 

2.  The  methods  used  for  determination  of  directions,  and  the  precau- 
tions to  be  observed  to  secure  accuracy  in  measurement,  are  fully  stated 
above  under  the  title  "Base-Line,"  and  will  be  complied  with  in  every 
particular. 

Standard  Pabau^elb.  ].  Btandard  parsllels,  which  are  also  called 
correction-lines,  shall  be  extended  east  and  west  from  the  principal  meridian, 
at  intervals  of  every  S4  miles  north  and  south  of  the  base-line,  in  the  man- 
ner prescribed  for  running  said  line,  and  all  requirements  under  the  title 
"^ase-Line"  will  be  carefully  observed. 

i.  Where  standard  parallels  have  been  placed  at  intervals  of  30  or  86 
miles,  regardless  of  existing  instructions,  and  where  gross  irregularities 
require  additional  standard  lines,  from  which  to  initiate  new  or  upon  which 
to  close  old  surveys,  an  intermediate  correction -line  should  be  established  to 
which  a  iocal  name  may  be  given — e.  g.,  "  Cedar  Creek  Correction-Line  " — 
and  the  same  will  be  run,  in  alt  respects,  liiie  the  regular  standard  pHrallels. 

Ocide-Hbridlans.  1.  Guide-meridians  shall  be  extended  north  from 
the  base-line,  or  standard  parallels,  at  intervals  of  every  34  miles  east  and 
west  from  the  principal  meridian,  in  the  manner  prescribed  for  running  the 
principal  meridian,  and  all  the  provisions  for  securing  accuracy  of  align- 
ment and  measurement  found,  or  referred  to  under  the  title  "Principal 
Meridian."  will  apply  to  the  survey  of  said  guide- meridians. 

2,  When  existing  conditions  require  that  such  guide-meridians  shall  bo 
run  Muth  from  the  base-  or  correction- lines,  they  will  be  initiated  at  prop- 
erly established  closing  comers  on  such  lines. 

8.  Where  guide-meridians  have  been  improperly  placed  at  intervals 
greatly  exceeding  the  authorized  distance  of  24  mites,  and  standard  lines 
are  required  to  limit  errors  of  old  or  govern  new  surveys,  a  new  guide- 
meridian  may  be  run  from  a  standard  or  properly  established  closing  comer, 
and  a  local  name  may  bo  assigned  to  the  same — e.  g.,  "  Grass  Valley  Guide- 
Meridian."  These  additional  guide -meridians  will  be  surveyed  in  all  respects 
like  the  regular  guide- meridians, 

TowKsHiP  Exteriors.  1.  Whenever  practicable,  the  township  exte- 
riors in  a  tract  of  land  S4  miles  square,  bounded  by  standard  lines,  will  be 
surveyed  successively  through  the  block,  beginning  with  those  of  the  louthr- 
vatem  township. 

2.  The  meridional  boundaries  of  townships  will  have  precedence  in  the 
order  of  survey  and  will  be  run  from  south  to  north  on  trw  meridiatit,  with 
permanent  comers  at  lawful  distances;  the  latitudiniil  boundaries  will  be  run 
frvm  eait  to  leett  on  random  or  trial-lines,  and  corrected  back  on  true  lines. 
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The  falling  of  a  random,  Durtb  or  Bouth  of  the  township  comer  to  be 
closed  upon,  will  be  careful);  measured,  aud,  nitb  the  resulting  true  letum 
course,  will  be  duly  recorded  in  the  field-uoteB. 

Should  it  happen,  however,  that  such  randt/m  intersects  the  meridian  of 
the  objective  corner,  north  or  south  of  said  corner,  or  falta  short  of  or  over- 
runs  the  length  of  the  south  boundar;  of  the  towaahip  b;  more  than  ikrtt 
ehaim  (due  allowaoce  being  made  for  convergency),  said  random,  and,  if 
necessar;,  all  the  exterior  boundaries  of  the  township,  will  be  retraced  and 
remeosured  to  discover  and  correct  the  error. 

When  running  random  lines  from  east  to  west,  temporarj  comers  will  be 
set  at  intervals  of  40'00  chains,  and  proper  permanatt  corners  will  be  estab- 
lished upon  the  true  line,  corrected  back  in  accordance  with  these  instnic* 
tioDs,  thereby  throwing  the  excess  or  deflcienc;  against  the  west  boundary 
of  the  township,  as  required  by  law. 

8.  Whenever  practicable,  the  eiterior  bouodariea  of  townships  belong- 
ing to  the  wot  range,  in  a  tract  or  block  24  miles  square,  will  first  be 
surveyed  in  succession,  through  the  range,  from  south  to  north;  and  in 
a  similar  manner  the  other  three  ranges  will  be  surveyed  in  regular  se- 
quence. 

4.  In  cases  where  impaitahU  eigeett  oeeur  and  the  foregoing  rules  tan  not  is 
eomplUd  vrith,  township  comers  will  be  established  as  follows: 

In  extending  the  touth  or  ni>rth  boundaries  of  a  township  to  the  tMft, 
where  the  »imthite*l  or  narthveiA  comers  can  not  be  established  in  the  regular 
way  by  running  a  north  and  south  line,  such  boundaries  will  be  run  we»t  (m 
a  true  line,  allowing  for  convergency  on  the  west  half-mile;  and  from  the 
township  comer  established  at  the  end  of  such  boundary  the  west  boundary 
will  be  run  north  or  smith,  as  the  case  may  be.  In  extending  louth  or  norfA 
boundaries  of  a  township  to  the  eatt,  where  the  toulhetut  or  northeatt  corner 
can  not  be  established  in  the  regular  way,  the  same  rule  will  be  observed, 
except  that  such  boundaries  will  be  run  mst  on  a  true  lint,  and  the  eait 
boundary  run  north  or  touth,  as  the  case  may  be. 

5.  Allowance  for  the  convergency  of  meridians  will  be  made  whenever 
necessary. 

Hrthod  of  Subdividino.  1.  The  exterior  boundaries  of  a  full  town- 
ship having  been  properly  established,  the  subdivision  thereof  will  be  made 
as  follows: 

At  or  near  the  touth<att  comer  of  the  township  a  true  meridian  will  be 
determined  by  Polaris  or  solar  observations,  and  the  deputy's  instrument 
will  be  tested  thereon:  then  from  said  comer  the  first  mile  of  the  east  and 
south  boundaries  will  be  retraced,  if  subdivisions  and  survey  of  the  exteriors 
have  been  provided  for  in  teparaU  contracts :  but,  if  the  survey  of  the 
exterior  and  snbdivisional  lines  are  included  in  the  tame  contract,  the  re- 
traccments  referred  to  will  be  omitted.  All  discrepancies  resulting  from 
disagreement  of  bearings  or  measurements  will  be  carefully  stated  in  the 
neld-notes. 

2.  After  testing  his  intitrument  on  the  true  meridian  thus  determined, 
the  deputy  will  commence  at  the  qoraer  to  sections  35  and  86,  on  the  sontb 
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bound&ry,  &nd  run  a  line  parallel  to  the  range-line*  establlBhing  at  40-00 
chains,  the  quarter- Bection  comer  betneen  sections  S5  and  SO,  and  at  80*00 
chuDS  the  corner  for  sections  25,  S6,  85,  and  36. 

8.  From  the  last-named  comer  a  random  line  will  be  run  eastward,  with- 
out blazing,  parallel  lo  the  toutk  ioundary  of  teclhn  36,  to  its  intersection 
with  the  cast  boundary  of  tbe  townabip,  placing  at  40'00  chaina  from  the 
point  of  beginning,  a  post  for  temporary  quarter-section  comer.  If  the  ran- 
dom line  interaecta  said  township  boundary  exactly  at  the  comer  for  sections 
36  and  36,  it  will  be  blazed  back  and  established  as  the  true  line,  the  perma- 
nent quarter-section  comer  being  established  thereon,  midviay  between  the 
initial-  and  temiinal -section  comers. 

If,  however,  the  random  intersects  said  township  boundary  to  the  north 
or  south  of  said  comer,  the  falling  t  will  be  carefully  measured,  and  from 
the  data  thus  obtained  the  true  return  course  will  be  calculated  |  and  the 


.  *  Tbe  meridional  McUon-Unes  «iU  be  made  parallel  to 
boundarr  of  the  township,  by  applying  to  the  bearing  of  tho  latter  a  small  correctioii, 
dependent  on  the  latitude,  taken  from  the  followinf;  table,  which  gives,  to  ibe  nearcBt 
whole  minute,  the  cOKvergenry  of  two  meridians  6  miles  long  and  from  1  to  D  milefl 
apart;  and  supplies  directly  the  deviation  of  meridional  Bectiou-lines  ■«■<  of  nortA, 
when  the  range-line  is  a  trut  miridvm.  Add  the  correction  to  tbe  bearing  of  the 
rangebne,  if  the  same  is  vieU  of  north,  but  subtract  when  it  bears  auf  of  north. 
TiBLi  A. — Cvrrtctiont  for  Cataerffenci/,  vithin  a  TbiMiAip. 
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Ecamp/e.  Latitude  iT.  Range-line  bears  N.  0°  S'  E.;  then  paraM  meridlMial 
Hction-lines  will  be  run  as  follows : 

From  tbe  oonKr  for  sections — 

35  and  86,  N.  ()•  1'  B.  82  and  88,  N,  0°  8'  W. 

S4  and  SB,  north.  81  and  82,  N.  0°  8'  W. 

88  and  84,  N.  0°  1'  W. 

\  Bee  "Prescribed  Umits,"  page  SIS. 

}  Stmdom  bearings,  determined  as  directed  above,  are  actually*  the  true  beariDgi 
of  fractional  true  lines  and  arc  so  used  for  ruania;;  them.  Any  deviation  from  ran- 
dom bearings,  derived  from  the  application  of  the  falling,  chaDges  the  random  bear- 
ing by  an  amount  due  to  unavoidablG  errors,  and  should  j^ve  for  a  final  result  a  l>ear- 
ing  a*  near  tht  tnu  bearing  as  the  field-work  will  permit.  A  Ime  bearing  means  the 
angular  deviation  from  the  Iruf  mcridinn  in  contradistinction  to  the  magnetic  benrin;^ 
or  angle  made  with  the  magnetic  meiidi-in,  A  true  line  will  be  onderstood.to  refei 
to  the  line  upon  which  the  tomeri  are  eatabtUlt/d. 
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true  line  blazed  and  established  and  the  position  of  the  quarter-sectton  corner 
deterniioed,  as  directed  above. 

The  details  of  the  entire  operation  will  be  recorded  in  the  field-notes. 

4,  Having  thus  established  the  line  between  sections  23  and  86;  from 
the  corner  for  sections  S5,  26,  SS,  and  36,  the  Kent  and  north  boundariee  of 
sections  23,  24,  \'i,  and  12,  will  be  establiiihed  as  directed  for  those  of  sec- 
tion 36;  with  the  exception  that  the  random  lines  of  said  north  boundaries 
will  be  run  parallel  to  the  eitabluhed  »oiU&  bmtTidarUt  of  tke  tectumt  to  tehiek 
they  beltmff,  instead  of  the  south  boundary  of  section  86 — e.  g.,  the  random 
line  between  sections  34  and  25  wilt  be  run  parallel  to  the  established  south 
boundar;  of  section  23,  etc. 

5.  Then,  from  the  last-established  section  corner — i.e.,  the  comer  for 
sections  I,  2,  11,  and  13— the  line  between  sections  1  and  9  will  be  pro- 
jected northwnrd,  on  a  random  line,  paralUl  to  the  east  boundar;  of  the 
township,  setting  a  post  for  temporary  quarter- section  comer  at  40'00  chains, 
to  its  intersection  with  the  north  boundar;  of  the  township.  If  the  random 
intersects  said  north  boundary  exactly  at  the  comer  for  sections  1  and  2,  it 
will  be  blazed  bock  and  established  aa  the  true  line,  the  temporary  qnarter- 
section  comer  being  established  permanently  in  its  original  position,  and 
the  fractional  measurement  thrown  into  that  portion  of  the  tine  between 
said  corner  and  the  north  boundary  of  the  township. 

If,  howeTer,  said  random  intersects  the  north  boundar;  of  the  township, 
to  the  cast  or  west  of  the  corner  for  sections  1  and  2,  the  consequent  falling 
will  be  carefully  measured,  and  from  the  data  thus  obtained  the  tme  return 
course  will  be  calculated  and  the  true  line  established,  the  permanent  quar- 
ter-section comer  being  placed  upon  the  same  at  40'0D  chains  from  the  initial 
comer  of  the  random  line,  thereb;  throwing  the  fractional  measurement  in 
that  portion  lying  between  the  quarter-section  comer  and  the  north  boundary 
of  the  township. 

When  the  north  boundary  of  a  township  is  a  base-line  or  standard  par- 
allel, the  line  between  sections  1  and  2  will  be  run  paralld  to  the  range-line 
ss  a  tnte  line,  the  quarter-section  corner  wil!  be  placed  at  40'00  chains,  and 
a  dotmg  comer  will  be  established  at  the  point  of  intersection  with  such  base 
or  standard  line;  and  in  such  case  the  distance  from  said  closing  comer  to 
the  nearest  standard  comer  on  such  base  or  standard  line  will  be  carefully 
measured  and  noted  as  a  amnectiim  line. 

0.  Each  successive  range  of  sections  progressing  to  the  west,  until  the 
fifth  range  is  attained,  will  be  surveyed  in  a  similar  manner;  then,  from  the 
section  corners  established  on  the  west  boundary  of  said  range  of  sections, 
random  lines  will  be  projected  to  their  intersection  with  the  west  boundary 
of  the  township,  and  the  true  return  lines  established  as  prescribed  for  the 
survey  of  the  first  or  most  eastern  range  of  sections,  wi*,h  the  exception  that 
on  the  true  lines  thus  established  the  quarter-section  corners  will  be  estab- 
lished at  40-00  chains  from  the  initial  comers  of  the  randoms,  the  fractional 
measurements  being  thereby  thrown  into  those  portions  of  the  lines  situ- 
ated between  said  quarter-section  comers  and  the  west  boundary  of  the 
townfihip. 
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7.  The  following  general  requirements  nre  reiterated  for  cmphaHis; 

The  random  of  a  latitudinal  usction-linc  will  ulwaya  be  run  parallel  to  the 
aoath  boundary  of  the  gectU>n  to  Khieh  it  behmga.  and  vith  Ihc  true  hearing  of 
mid  boundary ;  and  when  a  tettion  hu  no  linear  touth  boundary,  the  random 
will  be  run  parallel  to  the  aouth  bound'trt/  of  the  range  of  eectiana  in  vkieH  it  it 
titualed,  andfraetionnl  tru«  line*  leill  be  ntn  in  a  limilar  manner. 

8.  The  deputy  ix  not  required  to  complete  the  survey  of  the  first  range 
of  sectinDS  from  south  to  north  before  commencing  the  survey  of  the  second 
or  any  subseigiient  range  of  Eectiims.  but  the  corner  on  which  any  random 
line  closes  shall  have  been  previously  cHtablished  by  running  the  line  which 
determines  its  position,  except  as  follows :  Where  it  is  impracticable  to  estab- 
lish such  section  comer  in  the  regular  manner,  it  will  be  established  by  run- 
ning the  latitudinal  section-line  as  n  true  line,  with  a  tnie  bearing,  deter- 
mined as  above  directed  for  rnjidom  lines,  setting  the  quarter- section  corner 
at  4000  chains  and  the  section  comer  at  SO'OO  chains. 

9.  Quarter-section  corners,  both  upon  meridional  and  latitudinal  section- 
lines,  will  be  established  at  points  eguidittont  from  the  corresponding  sec- 
tion corners,  ere^t  upon  the  lines  closing  on  the  north  and  west  boundnriea 
of  the  township,  and  in  those  situations  the  quarter-section  comers  wi(l  always 
be  established  at  precisely /wrty  ehaint  to  the  north  or  west  (as  the  case  may 
be)  of  the  respective  section  comers  from  whicli  those  lines  respectively  start, 
by  which  procedure  the  excess  or  deflciency  in  the  measurements  will  be 
thrown,  according  to  law,  on  the  extreme  tier  or  range  of  quartvr-sectioas, 
as  the  case  may  be, 

10.  Where  by  reason  of  impassable  objects  only  a  portion  of  the  south 
boundary  of  a  township  can  be  established,  an  auxiliary  base-line  (or  lines, 
as  the  case  may  require)  will  bo  run  through  the  portion  which  has  no  linear 
south  boundary,  first  random,  then  corrected,  connecting  properly-estab- 
lished corres|>onding  section  cornerx  (cither  interior  or  exterior)  and  as  far 
south  as  possible,  and  from  such  line  or  lines  the  section-lines  will  be  ex- 
tended northwardly  in  the  usual  manner,  and  any  fraction  muth  of  said  line 
will  be  surveyed  in  the  op[>ositc  direction  from  the  section  corners  on  the 
auxiliary  base  thus  cKtablishcd. 

11.  Where  by  reason  of  impassable  objects  no  portion  of  the  touth  bounditry 
of  a  township  can  be  regiilarly  established,  the  subdivision  thereof  will  pro-  , 
cecd  from  itortli  to  touth  and  from  east  to  west,  thereby  throwing  all  frac- 
tional measurements  and  areas  against  the  west  boundary,  and  the  meander- 
able  stream  or  other  boundary  limiting  the  township  on  the  south. 

If  the  eaet  boundary  is  without  regular  section  comers  and  the  north 
boundary  has  been  run  eastwardly  as  a  true  line,  with  section  comers  at 
regular  intervals  of  SO'OO  chains,  the  subdivision  of  the  township  will  be 
made  from  vent  to  east,  and  fractional  measurements  and  areas  will  be  thrown 
agunst  the  irregular  east  boundary. 

12.  When  the  proper  point  for  the  cslabliKliment  of  n  township  or  sec- 
tion comer  is  inaccessible,  and  a  witness  corner  can  be  erected  upon  each 
of  the  two  lines  which  approach  the  same,  nt  distances  not  exceeding 
twenty  chains  therefrom,  said  witness  corners  will  be  properly  established, 
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and  Uh  haJf-milea  upon  which  they  stand  will  be  rec<^ized  as  mneyed 

The  witness  comer  will  be  marked  as  conspicuoualj  oa  a  aectioa  comer, 
and  bearing-trees  will  be  used  wherever  possible. 

Hbakdkriho.  1.  PTOceeding  tUnm  stream,  the  bank  on  the  left  hand  is 
termed  the  Uft  bank  and  that  on  the  right  hand  the  right  bank.  These  terms 
will  be  universally  used  to  distinguish  the  two  banks  of  a  river  or  stream. 

3.  Nnvigable  rivers,  as  well  as  all  rivers  not  embraced  in  the  class  de- 
nominated "navigable,"  the  right-angle  width  of  which  is  three  chains  and 
upward,  will  be  meandered  on  both  banks,  at  the  ordinary  mean  high-aaler 
mart,  by  taking  the  general  courses  and  distances  of  their  sinuosities,  and 
the  same  will  be  entered  in  the  field-book.  ItiTers  not  classed  as  navigable 
will  not  be  meandered  above  the  point  where  the  average  right-angle  width 
is  less  than  three  chains.  Shallow  streams,  without  any  well-defined  chan- 
nel or  permanent  banks,  jHU  not  be  meandered;  except  tide -water  streams, 
whether  more  or  less  than  three  chains  wide,  which  should  be  meandered  at 
ordinary  high-water  mark,  as  far  as  tide-water  extends. 

At  every  point  where  either  standard,  township,  or  section  lines  inter- 
sect the  bank  of  a  navigable  stream,  or  any  meanderable  line,  comers  will  be 
established  at  the  time  of  niDning  these  lines.  Such  corners  are  called  mean- 
der comers,*  and  the  deputy  will  commence  at  one  of  these  comers,  follow 
the  bank  or  boundary-line,  and  measure  the  length  of  each  course  from  the 
bej^nning  comer  to  the-  next  "  meander  comer."  Compass  courses,  by  the 
needle  or  solar,  will  be  used  in  meanders.     Transit  angles  are  not  allowed. 

The  crossing  distance  between  meander  corners  on  same  line  and  the 
trae  bearing  and  distance  between  corresponding  meander  corners  will  be 
ascertained  by  triangulation,  or  direct  measuremeiit,  in  order  that  the  river 
may  be  protracted  with  entire  accuracy.  The  particulars  will  be  given  in 
the  field-notes. 

In  meandering  watercourses  or  lakes,  where  a  distance  is  more  than  t«n 
eAdtnt  between  successive  stations,  whole  chains  only  should  be  taken ;  but 
if  ttie  distance  is  leti  than  ten  chains,  and  It  is  found  convenient  to  employ 
chains  and  links,  the  number  of  links  should  be  a  multiple  of  ten,  thereby 
saving  time  and  labor  in  testing  the  closings,  both  in  the  field  and  office. 

8.  The  meanders  of  all  lakes,  navigable  bayous,  and  deep  ponds,  of  the 
area  of  twenty-five  acres  and  upward,  will  be  commenced  at  a  meander  cor- 
ner and  continued,  as  abave  directed  for  navigable  streams ;  from  said  corner 
the  courses  and  distances  of  the  entire  mar^n  of  the  same,  and  the  inteisec- 
done  with  all  meander  comers  established  thereon,  will  be  noted. 

All  streams  falling  int«  the  river,  lake,  or  bayou  wilt  be  noted,  and  the 
width  at  their  mouths  stated;  also  the  position,  size,  and  depth  of  springs, 
whether  the  water  be  pure  or  mineral  j  also  the  heads  and  mouths  of  all 
bayoua;  all  islands,  rapids,  and  bars  will  be  noted,  with  intersections,  to 
their  upper  and  lower  ends,  to  establish  their  exact  utuation.     The  eleva- 

*  ThcH  comera  are  the  rtg^nr  meander  comers,  and  de^ij^natcd  "  meander  eor- 
nan";  they  are  dUtinguiBbed  from  ^xeial  and  maUiaiy  meander  oornvrs. 
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tion  of  the  banks  of  lakes,  bayous,  and  streams,  the  height  of  falls  and  cas- 
cades, and  the  lenf^h  and  fall  of  rapids  vill  be  recorded  in  the  fieId-not£s. 

To  meander  a  lake  or  deep  pond  lyiDg  eDtirel;  within  tlic  boundaries  of 
a  section,  two  lines  will  bo  run  from  the  two  nearest  corners  on  diflerent 
sides  of  such  lake  or  pond,  the  couracs  and  length  of  which  will  be  recorded, 
and  if  coincidf^nt  with  unaurveyed  lines  of  legal  subdivisions,  tliat  fact  will 
also  be  stated  in  the  field-notes,  and  at  each  of  the  points  where  said  lines 
intersect  the  margin  of  the  pond  or  lake  a  tpteial*  meander  corner  will  be 
established  as  above  directed. 

The  relative  position  of  these  points  being  thus  definitely  fixed  in  the 
section,  the  meandering  will  commence  at  one  of  them  and  be  continued  to 
the  other,  noting  the  intersection,  and  thence  to  the  beginning.  The  pro- 
ceedings are  to  be  fully  entered  in  the  field-notes. 

4.  Hcander  lines  will  not  be  established  at  the  segregation  line  between 
dry  and  swamp  or  overflowed  land,  but  at  the  ordinary  high-irater  mark  of 
the  at^tual  margin  of  the  rivers  or  lakes  on  which  such  swamp  or  overflowed 
lands  border, 

6.  The  precise  relative  position  of  an  island  in  a  township  msde  frac- 
tional by  a  river  or  lake  in  which  the  island  is  situated  will  be  determined 
by  triaugulation  from  a  special  and  carefully  measured  base-line,  initiated 
upon  the  surveyed  linea,  on  or  near  the  lake  or  river-bank  on  the  mainland, 
so  as  to  connect  by  course  and  distance  on  a  direct  line  the  meander  corner 
on  the  mainland  with  the  corresponding  point  oi^  the  island,  where  the 
proper  meander  corner  will  be  established. 

6.  Id  making  the  connection  of  an  island  lying  entirely  within  a  section 
with  the  mainland  a  special  base  will  be  measured  from  the  most  convenient 
meander  corner,  and  from  such  bnsc  the  location  of  an  n^ixUi/irj/f  meander 
comer  will  be  determined  by  triaugulation,  at  which  the  meanders  of  the 
island  will  be  initiated. 

7.  In  the  survey  of  lands  bordering  on  tide-teat^  "meander  corners" 
will  be  establisbed  at  the  points  where  surveyed  lines  intersect  high-nxUer 
morifc,  and  the  meanders  will  follow  the  high-wnter  line. 

8.  The  fleld-Dotes  of  meanders  will  show  the  dates  on  which  the  work 
was  performed.  The  fleld-notes  of  meanders  will  state  and  describe  the 
corner  from  which  the  meanders  commenced  and  upon  which  they  closed, 
and  will  exhibit  the  meanders  of  each  fractional  section  separately;  follow- 
ing, and  composing  a  part  of  such  notes,  will  be  given  a  description  of  the 
land,  timl)er.  depth  of  inundation  to  which  the  bottom  is  subject,  and  the 
bankj,  current,  and  bottom  of  the  atrtam  or  body  of  water  meandered.  The 
utmost  care  will  be  taken  to  pass  no  object  of  topography,  or  change  Uierein, 
without  giving  a  particular  description  thereof  in  its  proper  place  in  the 
notes  of  the  meanders. 

*  A  "  fecial  llsamler  Comer"  is  one  establisbcd  on  a  line  at  l^sl  Bubdirision, 
nm  a  Btudard,  toonship,  or  scc^on  line. 

f  An  "auiiliarjr  meander  comer"  is  one  not  on  a  line  bclonj^  to  the  system  of 
tsctangular  surveying. 
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468.  Stunnoury  of  Oljecti  aad  Data  required  to  be  noted.    1.  Hie 

precise  length  ot  ever;  line  run,  noting  al!  necessar;  ofCseta  therefrom,  with 
the  reason  for  making  them,  &rA  method  employed, 

2.  The  kind  and  diameter  of  all  bearing-trees,  with  the  course  and  dis- 
tance of  the  same  from  their  respective  comers;  and  the  precise  relative 
position  of  witnesa  comera  to  the  true  comers. 

3.  The  kind  of  materiala  of  which  comers  arc  constructed. 

4.  Tree*  on  tine.  The  name,  diameter,  and  distance  on  line  to  all  trees 
which  it  intersects. 

0.  Intersections  hj  line  of  land  atijtelt.  The  distAnce  at  which  the  line 
intersects  the  houndary-lmei  of  ever;  reservation,  settler's  claim,  improve 
ment,  or  rancho;  prairie,  bottom  land,  swamp,  marsh,  grove,  and  windfall, 
with  the  course  of  the  same  at  all  points  of  intersection;  also  the  distances 
at  which  the  line  begins  to  ascend,  arrives  at  the  t«p,  begins  to  descend,  and 
reaches  the  foot  of  all  remaTkable  hills  and  ridges,  with  their  couraea,  and 
aiimaUd  height  in  feet,  -above  the  level  land  of  the  surrounding  country,  or 
above  the  bottom  lands,  ravines,  or  waters  near  which  the;  are  situated. 
Also  distance  to  and  across  larye  ravines,  their  depth  and  course. 

6.  Intersections  b;  line  of  water  objeett.  All  rivers,  creeks,  and  smaller 
streams  of  water  which  the  line  crosses;  the  distances  measured  on  the  trae 
line  to  the  bank  Jira  amved  at,  the  course  dtnm  stream  ftt  paint*  of  intenee- 
tiaa,  and  their  width*  on,  lint.  In  cases  of  Tuinigable  streams  their  width  will 
be  ascertained  between  the  meander  comer*,  as  set  forth  under  the  proper  head. 

7.  The  land's  mirface — whether  level,  rolling,  broken,  hill;,  or  moun- 
tunous. 

8.  The  *o»(— whether  first,  second,  third,  or  fourth  rate. 

9.  Tim^ — the  several  kinds  of  timber  and  undergrowth,  in  the  order  in 
which  they  predominate. 

10.  Spring*  (if  water — whether  fresh,  saline,  or  mineral,  with  the  course 
of  the  streams  flowing  from  them. 

1 1.  Lake*  and  ponds — describing  their  banks  and  giving  their  height,  and 
also  depth  of  water,  and  whether  it  be  pure  or  stagnant 

13.  tmprovemenU.  Towns  and  villages;  houses  or  cabins,  fields,  or  other 
improvements  with  owners'  names;  mill-sites,  forges,  and  factories,  mineral 
monuments,  and  all  comers  not  belonging  to  the  system  of  rectangular  sur- 
veyiog;  will  be  located  by  bearing  and  distance,  or  by  intersecting  bearings 
from  given  points. 

13.  Coal  banks  or  beds;  peat  or  turf  grounds;  mineral*  and  ores;  with 
particular  description  of  the  same  as  to  quality  and  extent,  and  all  digging* 
therefor;  also  *(^(  springs  and  licks.  AH  reliable  inforraation  that  can  be 
obtained  respecting  these  objects,  whether  they  be  on  the  line  or  not,  will 
appear  in  the  general  description. 

14.  Boad*  and  trail*,  with  their  directions,  whence  and  whither. 

15.  Rapids,  cataracts,  cascades,  or  falls  of  water,  with  the  estimated 
height  of  their  fall  in  feet. 

16.  Precipices,  caves,  sink-holes,  ravines,  stone-quarries,  ledges  of  rocks, 
with  the  kind  of  stone  they  afford. 
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17.  Natural  eurioHtiei,  interesting  fossils,  petrifactions,  organic  remains, 
etc. ;  also  all  ancient  works  of  art,  such  as  mounds,  fortifications,  embaok- 
ments,  ditches,  or  objects  of  like  nature. 

18.  The  magnetic  declination  will  be  inddaUaUy  noted  at  all  points  of 
the  liDes  being  surveyed,  where  an;  matervd  change  in  the  same  indicfttea 
the  probable  presence  of  iron-ores;  sad  the  position  of  sucb  points  will  be 

'  perfectly  identified  in  the  field-notes. 

469.  Preaoribed  Limiti  tat  ClosingB  and  Lengtlu  of  Ijaea  i.  tf 
in  running  a  random  township  exterior  such  random  falls  abort  of  or 
exceeds  its  proper  length,  bj  more  than  three  ekaint,  or  falls  more  than 
three  ehaias  north  or  south  of  its  objective  corner,  it  will  be  re-run,  and, 
if  found  correct,  bo  niiicb  of  the  remaining  boundaries  of  the  township 
will  be  retraced  or  resurveyed  as  may  be  found  neeeuiny  to  locate  the 

8.  Every  meridional  section-line,  except  those  terminating  in  the  north 
boundary  of  the  township,  shall  be  eighty  ehaini  in  length. 

3.  The  random  meridional  section-lines  through  the  north  tier  of  sections 
shall  fall  within  jfi/ty  Unit  east  or  west  of  the  section  comers  established  on 
the  norlh  boundary  of  the  township,  ereept  wlien  closing  on  a  base-line  or 
standard  parallel 

4.  The  actual  length  of  meridional  section-lines  through  the  north  tier 
of  sections  shall  be  within  one  hundred  and  fifty  lint*  of  their  theoretical 
length.  The  latter  will  be  determined  from  the  meridional  boundaries  of 
the  north  tier  of  sections. 

5.  All  random  latitudinal  section-lines  shall  fall  within  fifty  linJa  north 
or  south  of  their  objective  section  comers. 

In  any  range  of  sections  the  difierencc  between  the  true  bearing  of  a 
latitudinal  section-line  and  that  of  the  south  boundary  of  the  range  shall 
not  exceed  twenty-one  minutes  of  arc. 

The  Intilvdinal  section-lines,  except  those  terminating  in  the  west 
boundary  of  the  township,  shall  be  within  fifty  linki  of  the  actual  distance 
established  on  the  south  boundary-line  of  the  township  for  the  width  of  the 
range  of  sections  to  which  they  belong. 

0.  The  north  boundary  and  the  south  boundary  of  anyone  eettion,  except 
in  the  extreme  wcRtern  range  of  sections,  shall  be  within  fifty  liiiki  of  equal 
length. 

7.  The  meanders  within  each  fractional  section,  or  between  an;  two  sue- 
Cessive  meander  corners,  or  of  an  island  in  the  interior  of  a  section,  should 
close  within  a  limit  to  be  determined  by  allowing  five  aighthe  of  a  Unit  for 
tnek  thiiii  of  said  meander  line.  Where  the  meander  corners  marking  the 
ends  of  a  meander  line  in  a  fractional  section  are  located  on  standard,  town- 
ship, or  section  lines,  the  above  limit,  increased  by  one  fourth  of  the  regular 
perimeter  of  the  fractional  leetion,  erpretsed  in  mile»,  mvltiplied  by  aetsenty-one 
lint»,  Kill  be  alloir-etl. 

The  extreme  limit,  however,  will  in  no  case  be  permitted  to  exceed  one 
hundred  and  fifty  link». 
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460.  Harking-Linet.  All  tines  on  which  are  to  be  establisbed  the  legal 
corner  boundaries  are  to  be  marked  after  this  method,  viz. :  Those  trees 
which  may  intercept  your  line  must  have  two  chops  or  notches  cut  on  each 
side  of  them,  without  any  other  marks  whatever.  These  are  called  "tigkt- 
treti"  OT  "line-tree*." 

A  HulScient  number  of  other  trees  standiog  nearest  to  your  line,  on  either 
side  of  it,  are  to  be  lUaed  on  two  sides,  diagonally  or  quartering  towsrd  the 
line,  in  order  b>  render  the  line  conspicuous  and  readily  to  be  traced,  the 
blazes  to  be  opposite  each  other,  coinciding  in  direction  with  the  line  where 
the  trees  stand  very  near  it,  and  to  approach  nearer  each  other,  the  farther 
the  line  passes  from  the  blazed  trees.  Due  care  must  ever  be  taken  to  have 
the  lines  so  well  marked  as  to  be  readily  followed. 

461.  Ibrking'-Conien,  After  a  true  coursing,  and  most  exact  meas- 
urements, the  corner  boundary  is  the  consummation  of  the  work,  for  which 
all  the  previous  pdns  and  expenditure  have  been  incurred.  A  boundary 
corner,  in  a  timbered  country,  is  to  be  a  tree,  if  one  be  found  at  the  precise 
spot;  and  if  not.  a.  stone  or  wooden  pott  is  to  be  planted  thereat:  and  the 
position  of  the  corner  post  la  to  be  indicated  by  trees  adjacent  (called  bear- 
iug-trecs),  the  angular  bearings  and  distances  of  which  from  the  corner  are 
facts  to  be  ascertained  and  registered  in  your  field-book. 

Stone  should  be  used  for  corners  in  all  esses  where  practicable. 

Id  a  region  where  atone  abounds,  the  comer  boundary  will  be  a  small 
mcnumeTit  of  itona  a\origi\Aa  of  a  single  marked  stone,  for  a  township  cor- 
ner— and  a  tingU  ttone  for  all  other  comers. 

In  a  region  where  timber  is  not  near,  nor  stone,  the  comer  will  be  a 
mound  of  earth,  of  prescribed  siie,  varying  to  suit  the  case. 

Corners  are  to  be  fixed,  for  township  boundaries,  at  intervals  of  every 
six  miles;  for  section  boundaries,  at  intervals  of  eveiY  mile,  or  80  chains; 
and,  for  quarter-section  boundaries,  at  intervals  of  every  half-mile,  or  40 

Mrandrr  Cobner  Posts  are  to  bo  planted  at  all  those  points  where  the 
township  or  section  lines  intersect  the  banks  of  such  rivers,  lakes,  or  islands 
as  are  by  law  directed  to  be  meandered. 

When  stones  are  used  for  comers  they  should  contain  at  least  S04  cubic 
inches,  and  be  inserted  in  the  ground  7  or  8  inches,  with  their  edges  in  the 
direction  of  the  line. 

When  wooden  jwiitf  are  used  their  length  and  size  must  be  proportioned 
to  the  importance  of  the  comer,  whether  township,  section,  or  quarter-sec- 
tion, the  first  being  at  least  twenty-lour  inchen  above  ground,  and  four 
inches  square. 

Where  a  township  post  is  a  corner  common  to  four  townships,  it  is  to  1m 
N 
eet  in  the  earth  diagonally,  thus  :  W^^B.    On  each  surface  of  the  post  is 

8 
to  be  marked  the  number  of  the  particular  township,  and  its  range,  which 
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R.2W. 
T.  IS. 

R.1  W. 
T.  IS. 

3«           SI 

1             6 

R.  2  W. 

T.  2  8. 

B.  1  W. 
T.  2S. 

it  fate*.  Thus,  if  the  post  l>c  a  common  boundary  to  four  townshif^,  say 
one  anil  Uto,  south  of  the  biisc-line.  of  raoge  one,  west  of  the  meridian;  also 
to  townBhi|)s  one  and  Uf  ,  south  of  the  base-line,  of  range  tito,  vest  of  the 
meridian — it  is  to  be  marked  thus: 

The  position  of  the  post,  which  is 

(  K.    1  W.  1  here  taken  as  an  example,  is  abown 

From  N.  to  E.    j  T.    18.^  in  the  following  diagram: 

(  2  W. ) 

From  N.  to  W.  .J  1  8.  > 

(  86       ) 

(  1  W.  1 

From  E.  to  S.     J  2  8.    [■ 

(  8        ) 

i  2  W.  j 

From  W.  to  8.   ■?  8  8.   J- 


These  marks  are  to  be  distinctly  and  neatlj  chiseled  into  the  wood,  at 
least  the  eighth  of  an  inch  deep;  and  to  be  also  marked  with  rel  fhalk.  The 
number  of  the  tectio-.t  which  they  respectively /aea  will  aho  be  marked  on 
the  township  post. 

Sectton  or  mile  posts,  being  comera  of  sections,  when  they  are  common 
to  fmir  sections,  are  to  be  set  diagonally  in  the  earth  (in  the  manner  pro- 
vided for  township  comer  posts);  and  on  each  side  of  the  squared  surfaces 
is  to  be  marked  the  appropriate  number  of  the  particular  one  of  the  four 
ieetion»,  respectively,  which  such  aide  //u^ei ;  also  on  one  side  thereof  are  to 
be  marked  the  numbers  of  its  tovntiip  and  rart^  ;  and,  to  make  such  marks 
yet  more  conspicuous  (in  manner  aforesaid),  a  streak  of  red  chalk  is  to  be 
applied. 

In  the  case  of  an  iMhited  township,  subdivided  into  thirty-sir  sections, 
there  arc  twenty-flve  interior  sections,  the  soutliwest  comer  boundary  of 
each  of  which  will  be  eommon  to  fovr  sections.  On  all  the  extreme  sides  of 
an  isolated  township  the  outer  tiers  of  sectinns  have  comers  eommon  only  to 
tieo  sections  then  surveyed.  The  posts,  however,  must  be  planted  precisely 
like  the  former,  but  presenting  two  imeant  surfaces  to  receive  the  appropriate 
marks  when  the  adjacent  survey  may  be  made., 

A  quarter-section  or  half-mile  post  is  to  have  do  other  mark  on  it  than 
\  8.,  to  indicate  whet  it  stands  for. 

Township  comer  atones  or  posts  arc  to  be  motched  with  mi  notches  on 
each  of  the  four  angles  set  to  the  cardinal  points. 

All  mile-posts  on  laimthip  linti  must  have  as  many  notches  on  them,  on 
two  opposite  itnglet  thereof,  a.»  they  are  miles  distsnt  from  the  township  cor- 
ners, respectively.  Each  of  the  posts  at  the  comers  of  sections  in  the  inte- 
rior of  a  township  must  indicate,  by  a  number  of  notches  on  ench  of  its  four 
comers  directed  to  the  cardinal  points,  the  corresponding  number  of  mites 
that  it  stands  from  the  outlines  of  the  township.  The  four  sides  of  the  post 
will  indicate  the  number  of  the  section  they  tespectirely  /ow.     Should  a 
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tree  be  found  at  the  place  of  any  corneT,  it  will  be  marked  and  notched  u 
aroresaid,  and  answer  for  the  comer  in  lieu  of  a  post,  the  kind  of  tree  and 
its  diameter  being  gives  id  the  tield-notes. 

The  position  of  all  comer  posts,  or  comer  trees  of  whatever  description, 
which  ma;  be  eetablisbed,  is  to  be  perpetuated  in  the  following  manner, 
Ttz. :  Prom  such  post  or  tree  the  courses  shsil  be  taken',  and  the  distances 
measured,  to  two  or  more  adjacent  trees,  in  opposite  directions,  as  nearly  as 
may  be,  which  are  called  "ieartn^-treei,"  and  are  to  be  blazed  near  the 
ground,  with  a  large  blaze  facing  the  post,  and  haTing  one  notch  in  it, 
Qcntly  and  plainly  made  with  an  ose,  square  across,  and  a  little  below  the 
middle  of  the  blaze.  The  kind  of  tree  and  the  diameter  of  each  are  facta 
to  be  distinctly  set  forth  in  the  field-book. 

On  each  bearing-tree  the  letters  B.  T.  must  be  distinctly  cut  into  the 
wood,  in  the  blaze,  a  little  above  the  notch,  or  on  the  bark,  with  the  num- 
ber of  the  range,  township,  and  section. 

At  all  township  comers,  and  at  all  section  corners,  on  range  or  township 
lines,  four  bearing-trees  are  to  be  marked  in  this  manner,  one  in  each  of  the 
adjoining  sections. 

At  interior  section  comers  four  trees,  one  to  stand  within  each  of  the 
four  sections  to  which  such  corner  is  common,  are  to  b«  marked  in  the  man- 
ner aforesaid,  if  such  be  found. 

Prom  quarter-section  and  meander  comers  two  bearing-tre«s  are  to  be 
marked,  one  within  each  of  the  adjoining  sections. 

Where  no  bearing-tree  is  at  the  comer,  and  suitable  stones  are  not  Kvail- 
able,  a  conical  mound  of  eart^h  is  to  be  placed  around  the  comer  poet. 
Township  mounds  are  to  be  two  and  a  half  feet  high  and  five  feet  in  diameter 
at  the  base.  Other  mounds  are  to  be  two  feet  high  and  four  and  a  half  feet 
in  diameter  at  the  base.  The  posts  in  the  mounds  shall  be  one  foot  in  the 
earth  below  the  mound,  and  ext«nd  one  foot  above  the  mound.  At  the  foot 
of  the  post  is  to  be  deposited,  as  a  witness  for  the  future,  some  charcoal,  or 
a  glass  bottle,  or  a  marked  stone,  or  a  charred  stake  placed  on  the  side  of 
the  post  toward  which  the  line  is  run. 

DoDBLR  CORNERS  are  to  be  found  nowhere  except  on  the  standard  paral- 
lels or  correction-lines,  whereon  are  to  appear  both  the  corners  which  mark 
the  intersection  of  the  lines  which  close  thereon,  and  those  from  which  the 
Burireys  start  in  the  opposite  direction. 

The  corners  which  are  established  on  the  standard  parallel,  at  the  time 
of  running  it,  are  to  be  known  as  "  Ulandard  Goraen,"  and,  in  addition  to 
all  the  ordinary  marks  (as  herein  prescribed),  they  will  be  marked  with  the 
letters  8.  C.     The  "  ctoring  eomeri "  will  be  marked  0.  C. 

462.  Field>Kote&  1.  The  proper  blank-books  for  oriffiruil  ^Id-netet 
will  be  furnished  by  the  surveyor-general,  and  in  such  books  the  deputy-sur- 
veyor will  make  a  faithful,  distinct,  and  minute  record  of  everything  done 
and  observed  by  himself  and  his  assistants,  pursuant  to  instructions,  in  re- 
lation to  mnning,  measuring,  and  marking  lines,  establishing  corners,  etc., 
and  present,  as  far  as  possible,  full  and  complete  topographical  sketches  o{ 
21 
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all  standard  and  exterior  lines,  drawn  to  the  uaoal  scale  for  township  ext« 
riors.  These  "originitl  fieid-notea"  are  not  neceBsaril;  the  entries  made  in 
the  field,  in  the  deputy's  pocket  note-books  called  tablets;  but  the;  are  to 
be  full;  and  correctly  written  out  in  ink,  from  such  tablets,  for  the  perma- 
nent  record  of  the  work.  Tablets  should  he  bo  fully  written  as  to  verify 
the  "original  field-notes"  whenever  the  surveyor-general  requires  them  for 
inspection. 

2.  A  full  descrip'jon  of  alt  comera  belonging  to  old  surveys,  from  which 
the  lines  of  new  surveys  itart,  or  upon  which  they  elate,  will  in  all  esses  be 
furnished  the  deputy  from  the  aurveyor-general's  office,  when  authority  is 
given  for  commeQcing  work ;  then,  if  the  old  comers  are  found  to  agree  with 
said  descriptions,  the  deputy  will  describe  any  one  of  them  in  this  form, 
"  Which  is  a  stone  flrmly  set,  marked,  and  witnessed,  as  described  by  the  sur- 
veyor-general ";  hut,  ibould  a  cornernot  answer  the  description  supplied,  the 
deputy  will  give  a  full  d4»enptiim  of  such  comer  and  its  accessories,  follow- 
ing the  proper  approved  form  given  in  these  instructions. 

A  full  description  of  each  corner  established  under  any  one  contract  will 
be  given  <mee  only;  subsequent  reference  to  such  comer  will  be  made  in  the 
form,  "heretofore  described,"  or  (e.  g.)  "the  coraerfor  sections  a,  8,  10, 
and  11,"  Bi  the  case  maij  require. 

In  all  cases  where  a  comer  is  re-ettabli»hed  the  orighuU  Jield-noUt  will  de- 
scribe fully  the  manner  in  which  it  is  done. 

8.  The  original  JIdd-TiOtet  of  the  survey  of  base,  standard,  and  meridian 
lines  will  describe  all  comers  established  thereon,  how  established,  the  cross- 
ings of  streams,  ravines,  hills,  and  mountains;  character  of  soil,  timber, 
minerals,  etc. :  and  after  the  description  of  each  township  comer  established 
in  running  such  lines,  the  deputy  will  note  particularly  in  the  "general  de- 
scription "  the  character  of  townships  on  each  side  of  the  lines  run. 

4.  The  oriffinal  Jidd-notet  of  the  survey  of  exterior  boundaries  of  town- 
ships will  describe  the  comers  and  topography,  as  above  required,  and  the 
"general  description  "  at  the  end  of  such  notes  will  describe  the  townships 
as  fully  as  possible,  and  also  state  whether  or  not  they  should  be  subdivided. 

0.  The  oriffinal  Jield-note*  of  the  subdiviaional  survey  of  townships  will 
describe  the  comers  and  topography  as  above  required,  and  the  "general 
description"  at  the  end  of  such  notes  will  state  minutely  the  character  of 
the  land,  soil,  timber,  etc.,  found  in  such  townships.  , 

The  topography  will  be  given  on  the  trtui  lioe  in  all  coses,  and  will  be 
taken  correctly,  not  estimated  or  approximated. 

6.  With  the  arigirutl  fleld-nolet  of  the  survey  of  base-lines  and  standard 
parallels,  and  principal  and  guide  meridians  forming  a  tract  twenty-four  miles 
square,  including  those  of  the  township  exteriors  therein,  the  deputy  will 
submit  a  diagram  of  the  lines  surveyed,  drawn  to  a  scale  of  half  an  inch 
to  one  mile,  upon  which  will  be  written  the  true  heariagt  and  lengths  of  all 
tv-rteytd  linei,  except  the  lengths  of  those  which  are  actually  40'00  or  SO'OO 
chains.  These  diagrams  will  exhibit  all  water-courses,  with  the  direction 
of  each  indicated  by  an  arrow-head  pointing  doicn  ttream;  also  the  intersec- 
tion of  the  lines  with  all  prunes,  marshes,  swamps,  ravines,  lakes,  ponds. 
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mountains,   hills,  and  all  other  natural  or  artificial  topographical  features 
mentioned  iu  the  original  Jield-noU*,  to  tlie  fullest  extent  poosible. 

7.  With  the  tpeeial  inttrueCuinn  for  malting  subdivtsional  surveys  of  town- 
ships into  sectiouH,  the  deputy  will  be  furnished  b;  the  aurvcyor-general  with 
Kant  toantkip  dingram*  drawn  to  a  scale  of  one  inch  to  forty  eAaini,  upon 
which  the  true  bearingi  and  iengtkt  of  the  tovsnehip  and  aection  linet,  from 
which  the  turveyt  are  to  ie  projected,  or  'upon  vihieh  they  are  to  chae,  mill  he 
earefully  maried. 

8.  Triangulations,  offsets,  or  traverses,  made  to  detemiine  distances  that 
can  not  be  directly  measured,  such  as  those  over  (e.  g.)  deep  streams,  lakes, 
impassable  swamps,  caflons,  etc.,  will  be  made  on  the  random  line*,  when 
random  lines  are  run.     All  particulars  will  be  fully  stated  id  the  fleld-nutes. 

The  exhibition  of  every  mile  of  surveying,  whether  on  atandarJ,  town- 
ship, or  subdivision  lines,  and  the  meanders  in  each  section,  will  be  com- 
plete iu  itself,  and  will  be  separated  from  other  records  by  a  black  line 
drawn  across  that  part  of  the  page  containing  the  body  of  notes.  The  de- 
Bcription  of  the  surface,  soil,  minerals,  timber,  undergrowth,  etc.,  on  each 
mile  of  line  will  follow  the  notes  of  survey  of  such  line,  and  not  be  mktfUd 
aith  them. 

Particular  care  will  be  taken  to  record  at  the  end  of  eocb  mile  the  num- 
ber of  chains  of  mottntaiiioui  land,  heanUy  timbered  land,  or  land  covered 
with  deiae  Tinderffroielh. 

The  date  of  each  day's  work  will  immediately  follow  the  notes  thereof. 

0.  Near  tbe  end  of  the  original  feld-notei  and  immediately  before  the 
"  general  description,"  the  deputy-surveyor  will  add  a  tabular  statement  of 
the  latitude  and  departure  of  all  boundary-lines  of  the  township. 

Besides  the  ordinary  notes  taken  on  line  (and  which  will  always  be  writ- 
ten down  on  the  spot,  leaving  nothing  to  be  supplied  by  memory),  the 
deputy  will  subjoin,  at  the  conclusion  of  his  book,  such  further  description 
or  information  touching  any  matter  or  thing  connected  with  the  township 
(or  other)  survey  which  he  may  be  able  to  afford,  and  may  deem  useful  or 
necessary  to  be  known — with  a  geaavl  deteription  of  the  township  in  the 
aggregate,  as  respects  the  face  of  the  country,  its  soil  and  geological  features, 
timber,  minerals,  waters,  etc. 

For  full  details  of  pnblic-land  surveying,  see  "  Manual  of  Sur- 
veying Instructions  for  the  Survey  of  the  Public  Lands  of  the 
United  States,"  issued  by  the  Commissioner  of  the  General  Land- 
Office.  These  "  InBtructions "  are  prepared  for  the  direction  of 
those  engaged  on  the  public-land  surveys,  and  new  editions  are 
issued  from  time  to  time  to  note  any  changes  in  methods  of  work 
or  of  marking  stations. 
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SPECIMEN  FIELD-NOTES. 
Eiut  hmadary  of  T.  IS  X.,  R.  tl  E. 


North,  b«t.  Bec8.  25  and  80. 
Over  level  land,  tlirou|:h  cedtr  tioiber. 
S-00      Greek  13  Iks.  wide,  pure  water,  1  fi.  deep,  gentle  current,  course  S  80"  E. 
20'(0      Creek  Ifi  Iks,  wide,  pure  water,  2  ft.  deep,  gentle  current,  course  S.  70°  E. 
21-60      Leave  cPdar  limber,  begin  ascent,  besrs  S.  70°  E.  and  N.  70°  W. 
SH-SO      Top  of  ascent  of  40  ft.,  enter  level  plain,  bears  E.  and  W. 
40'00      Set  a  cedar  post,  !J  ft.  long.  S  in.  aq.,  with  chsired  stake,  24  in.  in  tbe 
j^rouad,  fori  s^*^  cai'',  marked  }  S.  on  W.  face;  difc  pits,  18 x  17  x  IS 
in.,  N.  and  S.  of  post,  3  ft.  diet.,  and  raise  a  mound  ofcartb,  S^ft.  base, 
l\  ft  higb,  W.  of  cor. 
September  0:  At  tbia  ^  sec.  cor.  I  set  off  D°  9'  N.,  on  the  decl.  arc;  and 
at  IM  07°.l  1.  lu.  t.,  observe  the  sun  on  Ihc  meridian ;  the  repulting 
lat.  is  46°  SB'O',  whldi  is  about  0'2'  greater  than  the  proper  lat. 
Creek  12  Iks.  wide,  pure  water,  1  ft  deep,  gentle  current,  course  S.  S0°  E. 
9et  a  cedar  post,  S  ft.  lon^;,  4  in.  sq.,  with  quart  of  charooal,  24  in.  in  the 
ground,  for  cor.  of  sees,  IB.  24,  9C,  and  80,  marked 
T.  18  N.,  S.  19  on  N.  E., 
H.  22  E.,  S.  30  on  S.  E., 
S.  26  on  S.  W.,  and 

R.  ai  E.,  a  24  on  N,  W.  faces ;  whh  4  not4^>ea  on  N.  and  2  notcbes 
on  a  edges;  dig  pits,  18x18x12  in.,  in  each  sec.  S^  ft  dist; 
and  raise  a  mound  of  earth,  4  ft.  bane,  2  ft.  high,  W.  of  cor. 
Land,  terel. 

Soil,  sandy  loam ;  2d  ibI«. 
limber,  cedar. 


Chains. 

S.  e9°  KB'  E.,  on  a  nndom  line,  bet  Mca.  18  and  24. 

Orer  level  land. 

40-00 

Set  temp.  {  sec.  cor. 

BO-01 

Intersect  E.  bdy.  of  the  Tp.  at  the  cor.  of  sees.  13,  18,  19,  and  24,  whidi 

is  a  locust  post  1  ft.  above  ground,  4  Id.  sq.,  marked  and  vltneseed  «3 

Thence  I  run 

N.  89°  66'  W.,  on  a  true  line  bet  sees.  18  and  24, 

Over  aandj  alkali  land. 

40-OOJ 

Set.  a  juniper  post,  3  ft.  lone,  3  tn.  sq.,  with  marked  stone,  24  in.  ID  the 
ground,  for  1  sec.  cor.  marked  {  S.,  on  N.  face;  liiK  pits.  18x18x12 

in.,  E.  and  W.  of  post,  8  ft.  diat,,  and  raise   a  mound  of  earth.  Si  ft 

base,  1}  ft  high.  N.  of  cor. 

BO-01 

The  cor.  of  sees.  13,  14,  23,  and  24. 

Alkali  creek  (now  drv),  runs  eastward  aboot  400  chs.  Muth  ot  this  line. 

Land,  level. 

Soil,  alkali  sand;  4th  nte. 

No  timber. 
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THE  SOI^B  COKPASS. 

468.  Nearly  all  of  the  lioeB  required  in  the  public-land  BDireye 
are  meridiauB  and  parallels  of  latitude.  Meridians  may  be  located 
by  the  methods  given  in  Chapter  III,  bat  the  eaBiest  method  is 
with  the  Solar  Compass. 

There  are  Beversl  varieties  of  this  instmment,  all  of  which  are 
constructed  on  the  same  principle,  and  are  modifications  of  the 
instrument  invented  by  William  A.  Bnrt,  and  patented  by  him  in 
1836. 

Before  deficribiug  the  solar  compass,  it  will  be  necessary  to  de- 
fine the  terms  to  be  used. 

464.  Deflnitioni.  The  am*  of  the  earth  is  the  Imaginar;  line  ftbont 
which  it  revolves.  Tlie  points  ia  whtob  the  axis  meets  the  surlace  ot  the 
earth  are  called  titcjiolet  or  the  earth. 

Meridians  are  great  circles  of  the  earth's  surface,  puBsing  through  the 
poles.  The  equator  ia  a  great  circle  of  the  earth's  Burfooe,  90°  from  the 
poles.  ParalleU  of  latitude  are  small  circles  of  the  earth's  sarfuce  parallel 
to  the  eqaator.  Latitude  is  the  distenco  north  or  south  Ironi  the  equator,  and 
U  measured  on  a  meridian  circle.  Longitude  is  distance  east  or  west  froio 
some  established  meridian.  The  meridian  of  Greenwich,  England,  is  usuiJ]; 
taken  as  thejmffM  meridian,  from  which  longitude  is  reckoued. 

Attroaomieal  Term*.  Conceive  all  of  the  beavenl;  bodies  projected  apon 
the  concave  aarface  of  a  sphere,  of  wliioh  the  earth  is  the  center,  and  whose 
radiua  is  infinitely  great  when  compared  with  that  of  the  earth.  This  is 
called  the  GeUttial  Sphere. 

If  the  axis  of  the  earth  be  prolonged,  the  points  in  which  it  meets  the 
celestial  sphere  are  called  the  north  and  south  poles  of  the  heavens,  and  the 
line  joining  them  is  called  the  axis  of  tlie  celestial  sphere.  The  apparent 
revolution  of  the  heavenly  bodies  about  the  axis  of  the  celestial  sphere  is  due 
to  the  rotation  of  the  earth  □□  its  asis  once  in  tweittv-four  hours, 

A  plane  passed  tangent  to  the  earth  nt  the  feet  of  an  observer  is  the  Mn- 
lUiU  horiion;  and  a  plane  passed,  parallel  to  this,  through  the  center  of  the 
earth,  is  the  rational  horizon.  Since  the  radius  of  the  eartli  is  infinitelj  small 
in  comparison  with  that  of  the  celestial  sphere,  if  the  planes  of  the  rational 
horizon  and  sensible  horizon  Iw  extended  in  every  direction  indefinitely,  they 
will  meet  the  celestial  sphere  in  one  great  circle,  called  the  eelettial  horison. 
If  the  plane  of  the  earth's  equator  be  extended  indefinitely,  it  will  meet  the 
celestial  sphere  in  a  great  circle,  called  the  eele»tial  equator,  or  equinoetial. 

If  through  any  place  a  line  be  passed,  perpendicular  to  the  plane  of  the 
horizua,  the  point  in  which  it  meets  the  celestial  sphere  alrave  the  observer 
is  called  the  eenith  ;  aod  the  point  in  which  it  meets  the  celestial  aphore  be- 
low the  observer,  the  nadir. 
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Great  oirclee  passiog  tbroagh  the  zenith  and  nadir  are  nertieal  eireUt, 

The  tenith  dUtanet  of  a  htavenlg  hody  ia  its  angular  distance  from  the 
zenith,  and  ia  meanared  od  b  ver^cal  circle.  The  altitude  of  a  body  if  ita 
angular  distance  above  the  celestial  horizon,  and  b  measured  on  a  vertical 
circle.     Altitude  aod  zenith  distance  are  complements  of  each  other. 

Great  circles  passing  through  the  polee  of  the  celestial  sphere  are  called 
eirtla  qf  deelinatton,  or  kouT-circUi.  Tlie  deelinalicn  of  a  hcavenlj  bodj  ia 
ita  angalar  distance  north  or  south  from  the  equinoctial,  and  ia  measured  on 
a  circle  of  deolinatioD. 

The  celestial  meridian  of  an;  place  is  a  great  circle  passing  tlirongh  the 
zenith,  and  through  the  poles  of  the  celestial  sphere.  The  line  in  which  the 
plane  of  the  celeatial  meridian  meets  the  plane  of  the  horizon  ia  the  lave*- 
trial  nttridiaTi,  or  true  north  and  south  line. 

The  hour-angle  of  a  heavenl;  bod;  ia  the  angle  at  the  pole  between  the 
meridian  and  the  decliaation  circle  passing  throuich  the  body, 

llie  parallaetu  angle  is  the  angle  at  the  body  between  the  declinatlOD 
circle  and  Tcrtioal  circle  passiug  tlirough  the  body. 

The  azimuth  of  a  heavenly  body  ia  the  angle  between  the  celestial  me- 
ridian and  a  verticsi  circle  passing  through  the  body,  aad  is  measured  on  the 
celestial  horizon. 

If  an  obeerver  be  at  tbe  equator,  the  celestial  horizon  will  pass  throngb 
the  pulea  of  the  heavens,  and  the  celeatial  equator  throngb  tho  zenith.  For 
each  degree  which  the  observer  travels  northward  on  the  earth,  the  north 
pole  of  the  bearena  will  appear  to  riae  one  degree  above  the  horizon,  and 
the  celeatial  equator  will  appear  to  move  one  degree  southward  from  the 
zenith.  The  latitude  of  a  place,  then,  is  equal  to  the  altitude  of  the  elevated 
pole,  or  to  tbe  declination  of  the  zenith.  In  the  northern  heinisphere  the 
north  pole  of  the  heavens  is  the  elevated  pole. 

Tbe  eartli  revolves  aronnd  the  aan  in  an  elliptical  orbit  once  in  a  year.  This 
givea  the  sua  an  appsrent  motion  around  the  earth.  The  path  of  the  earth, 
or  the  apparent  path  of  the  ann  in  tbe  heavens,  is  called  the  eeliptie.  It  is  a 
great  circle  on  the  celestial  apliere,  making  an  angle  with  the  celestial  equa- 
tor of  abont  29°  27".  The  two  pointH  in  which  the  ecliptio  meets  the  equi- 
noctial are  called  the  eguinoit*.  The  snn  is  on  the  equinoctial  the  21at  of 
March.  This  is  the  vernal  eguiaox.  It  then  moves  north  of  the  equator, 
increasing  constantly  in  northern  declination,  until  tho  21st  of  June,  when 
its  declination  is  about  23°  27'  north.  This  is  the  northern  eummer  toUtiee.  It 
then  decreases  in  declination  until  Sc|itt'mber  21st,  when  it  is  again  on  the 
equinoctial.  This  is  the  antumfutl  equinox.  It  then  moves  south  of  the 
equator,  increasing  in  southern  declination  until  December  21st,  when  its 
declination  ia  about  23°  27'  south.  This  is  the  northern  winter  loltliee.  It 
then  decreases  in  declination  until  Mnrcli  Slat,  when  it  again  arrives  at  the 
vernal  equinox.  Tbe  declination  of  tho  sun  is  given  in  the  "Nautical  Alma- 
nac" for  every  day  in  the  year. 

The  tramit  of  a  heavenly  body  is  its  passage  across  the  celestial  me- 
ridian. 

A  tidereal  day  is  the  interval  of  time  between  tvro  successive  tranaita  of 
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tiie  veruai  vquinoi.  A  lolar  day  it  the  iDterval  of  time  between  ttro  SQO- 
oeseive  transits  of  the  buh.  TLe  nppareDt  motion  of  tlie  sun  is  not  unifiirm, 
and  hence  use  ia  made  of  &  fiotitioas,  or  mean  son,  m><ving  on  the  equinoctial 
with  a  uniform  motion,  and  keeping  nuan  tolar  time.  This  is  tlie  time  kept 
by  olocka  and  walAhes.  The  time  indicated  hj  the  true  sun  i^<  called  appar- 
ent tolar  time.  This  ik  the  time  given  by  Kundials.  The  diCTerince  between 
apparent  solar  lime  tind  mean  solar  time  is  called  the  equation  oj'  time.  The 
e*|iiat)un  of  time  is  zero  fonr  dmes  in  a  year,  and  its  masimnm  value  is  about 
aizteen  minutes.  It  is  given  in  the  "  Nautical  Alraanao"  lor  every  day  in  the 
jeai; 

A  ray  of  lifibt,  passing  fioiii  a  rarer  to  a  denser  medium,  !s  bent,  or  re- 
fracted, toward  a  perpendicniar  to  the  surface  of  the  second  medium  at  the 
point  where  the  ray  enters.    The  atmosphere  surrounding  the  ear!h  varies 
in  density,  being  denser  as  we  approaob  the  surface  of  the  oarth.     The  light 
coming  from  a  heavenly  body,  and  pai«ing  through  the  atnoaphere,  will  be 
constantly  bent  toward  a  perpendicalar  to  the  surface  of  the  earth,  and  its 
path  will  be  a  curve,  and  not  a  str^ght  line.    The  apparvnt  direction  of  • 
heavenly  body  will  be  tan- 
gent to  this  curve  where  it  *^-  839. 
meets  the  eye  of  the  oh-  Z 
server.    The  difference  be- 
tween the  apparent    and 
the   true    positions  of   & 
henvenly  body  is  called  re- 
froiCtion.    It  is  zero  at  the   ' 
Ecnith,  and  about  83'  at 
the  horizon  \  46°  from  the 
zenith  it  is  about  07". 

Refractnon  increases  the 
altitude  of  a  heavenly  body 
and  decreases  the  zenith 
distance. 

In  Fig.  88»,  N  S  repre- 
sents the  axis  ol'  the  celes- 
titil  sphere,  N  the  north 
p.>le,  and  S  the  south  pole. 
E  O  Q  is  the  equinoctial, 
H  A  O  the  horizon,  and 
II Z  O  X  the  meridian.  Z  A  X  is  a  vertical  circle,  N  D  S  a  declination-circle. 
C  (the  position  of  the  earth)  is  the  center  of  the  celestial  sphere.  Z  is  the 
zenith  and  X  the  nadir.  Let  P  be  any  point  on  the  celestial  sphere.  A  F  is 
its  altitude,  FZ  its  zenith  distance,  and  PD  its  declination;  ZN  Pits  hour- 
angle,  Z  P  N  its  pariUlactio  angle,  and  N  Z  P  its  ariranth, 

465.  The  solar  compass  differs  from  the  ordinary  compass.  Fig. 
135,  in  having  a  solar  apparatus,  instead  of  a  magnetic  needle,  for 
determining  the  meridian. 
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In  the  figure,  a  is  the  latitude-arc,  whose  center  of  motion  is  in 
two  pivots,  one  of  which  is  shown  at  d.  It  is  furnished  with  a 
damp,  slow-motion  screw,/,  and  veroier,  e. 

The  declination-arc  is  shown  at  b.  The  movable  arm,  b,  has 
its  center  of  motion  in  a  pivot  at  g,  and  is  furnished  with  a  cUmp, 
vernier,  v,  and  a  slow-motion  screw,  h. 


i 


I 


The  plane  of  the  hour-arc,  c,  is  at  right  angles  to  the  latitude- 
arc,  and  its  center  is  in  the  polar  axis  p. 

The  declination-arc  and  latitude-arc  are  read  to  minutes  b;  the 
verniers.  The  hour-arc  is  graduated  to  half-degrees,  and  is  figured 
both  for  hours  and  degrees. 


byGoogIc 


THE  SOLAR   COMPASS.  883 

Attacfaed  to  each  end  of  the  arm  ft  is  a  rectAQgnlar  block  of 
brass,  in  which  is  set  a  convex  lens,  whose  focus  is  on  a  ailver 
piste  attached  to  the  face  of  the  oppoeite  block.  The  silver  plut« 
is  marked  by  two  seta  of  parallel  line«i,  at  right  angles  to  each 
other,  as  shown  in  Fig.  311  ;  bb  are  called  the  hour-lines,  and  ce 
the  equatorial  lines.  The  distance  between  the 
hour-lines  and   between  the  equatorial  lines  ia  '*' 


equal  to  the  diameter  of  the  image  of  the  san,     l@. 
formed  by  the  lens  in  the  opposite  block. 

The  needle-box  n  contains  a  magnetic  nee- 
dle, and  is  furnished  with  an  arc  of  abont  36°  in  extent,  graduated 
to  half-degrees.     The  needle-box  can  be  moved  about  its  center  by 
the  slow-motion  screw  t. 

The  sight  and  levels  are  similar  to  those  of  the  ordinary  compass. 

The  equatorial  sights,  u  and  n,  attached  to  the  upper  side  of 
the  rectangular  lens-blocks,  are  used  in  the  adjustments. 

The  adjuster,  also  used  in  adjusting  the  instrument,  is  kept  in 
the  instrument-box,  and  is  not  shown  in  the  figure. 

The  compass-sights  are  attached  to  the  lower  plate,  and  the 
solar  apparatus,  levels,  and  needle-box  to  the  upper  plate.  The 
horizontal  limb  is  read  to  single  minutes  by  the  vernier. 

Suppose  the  instrument  to  be  set  up  and  leveled,  with  the  lati- 
tude-arc toward  the  south.  If,  now,  the  latitude-arc  be  set  to  the 
latitude  of  the  place  of  observation  (that  is,  so  that  the  plane  of 
the  hour-arc  makes  an  angle  with  the  vertical  equal  to  the  latitude 
of  the  pkce),  the  plane  of  the  hour-arc  will  then  be  in  the  plane  of 
the  celestial  equator,  and  the  polar  axis  will  be  parallel  to  the  axis 
of  the  earth,  and  will  point  toward  the  north  pole  of  the  heavens. 
If  the  sun  be  on  the  celestial  equator,  the  declination-arm,  h,  may 
be  set  at  zero  on  the  declination-arc,  and  it  will  then  lie  in  the 
plane  in  which  the  sun  appears  to  move.  If  the  declination-arc 
be  turned  so  as  to  point  toward  the  sun,  the  lens  in  the  block  to- 
ward the  sun  will  form  an  image  on  the  silver  plate  attached  to  the 
opposite  block.  By  means  of  the  polar  axis,  p,  the  declination- 
arm  may  be  turned  so  as  to  follow  the  sun  all  day. 

When  the  sun  is  not  at  the  equinoxes,  set  off  its  declination  on 
the  declination -arc,  and  the  declination-arm,  when  turned  about  on 
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the  axis,^,  will  still  turn  in  the  plane  in  which  the  snu  appears  to 
more.  When  the  sun  i^  in  south  declination,  turn  the  declination- 
arc  awtiy  from  the  sun  ;  and  wheu  the  sa»  is  in  north  declination, 
turn  the  declination-arc  towai-d  the  sun. 

When  the  instrument  is  in  perfect  adjustment,  and  is  properly 
Bet  up  and  leveled,  the  image  of  the  sun  can  not  be  brought  be- 
tween the  equatorial  lines,  unless  the  sights  are  in  the  plane  of  the 
meridian. 


466.  The  adjustments  will  be  given  in  the  order  in  which  they 
should  ho  made.  In  describing  each  adjustment,  it  will  be  sup- 
posed that  the  instrument  has  been  properly  set  up  and  leveled, 
and  the  lutitudc-arc  turned  toward  the  south. 

467.  Pint  Adjmtment  To  cause  the  level-htbbh:'  in  ri-m.nn  in 
the  center  of  the  tubes  when  the  inslrnment  i'k  turned  around  on  its 
vertical  axis.  Tho  vRrification  and  rccUficatiori  are  the  same  as 
those  given  for  the  transit  {32:i). 

468.  Sacond  Adjurtment  To  adjust  the  nquatoHid  lines  and 
tolar  lenses.  Detach  tho  dec  1i nation-arm.  A,  by  removing  the  neces- 
sary screws,  and  attach  in  its  plnce  the  adjuster,  replacing  the 
screws  of  the  pivot,  and  iilso  of  the  claitp 

Place  the  arm  h  on  the  adjuster,  with  the  same  side  agaiust  the 
declination-arc  aa  before  it  was  detiujliod.  Then,  by  means  of  tl.c 
vertical  axis  of  the  instnimi?nt,  the  declination  and  latitude  arcs, 
and  tho  leveling- screws,  turn  the  arm  in  the  direction  of  the  sun, 
and  bring  the  image  of  the  sun  between  the  equatorial  lines.  Then 
turn  tho  arm  half  over,  bringing  the  opposite  faces  of  the  blocks  in 
contact  with  the  adjuster. 

If  tho  sun's  image  remains  between  the  equatorial  tines,  the  sil- 
ver plate  is  in  its  proper  position.  If  not,  loosen  the  screws  which 
hold  the  plate,  and  move  the  plate  so  as  to  correct  half  of  the  ap- 
l>arent  error.  Verify  the  work  by  repeating  the  above  operation, 
until  the  image  remains  between  the  lines  in  both  positions  of  the 
arm. 

To  adjust  the  other  plate,  turn  tho  arm  end  for  end  on  the  ad- 
juster, and  then  proceed  aa  for  the  first  plate. 
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When  both  plates  have  been  properly  a-ijusted,  remove  the  ad- 
juster, and  replace  the  declination -arm  and  its  attachments. 

469.  Third  Adjiubnent  To  adjust  the  vernier  of  the  declina- 
tion-arc. ,  Set  the  vernier  ol  the  declination-arc  at  zero.  Turn  the 
declination  •arm  h  so  as  to  point  toward  the  sun.  Bring  the  son's 
image  between  the  equatorial  lines,  by  means  of  the  slow-motion 
screw  of  the  latitude-arc  and  the  pai-allel  plate-screws,  as  in  the 
second  adjustment.  Then  revolve  the  arm  so  as  to  bring  the  op- 
posite solar  lens  toward  the  son.  If  the  sun's  image  now  comes 
between  the  equatorial  lines,  no  adjustment  is  necessary.  If  not, 
correct  half  of  the  apparent,  error  by  means  of  the  slow-motion 

.  screw  ic.  Verify  the  work  by  repeating  the  above  operation  nntil 
the  image  comes  between  the  lines  in  both  positions  of  the  arm. 
The  zero  of  the  vernier  will-  now  not  coincide  with  the  zero  of  the 
arc.  Make  it  do  so  by  loosening  the  screws  which  hold  the  ver- 
nier, and  moving  the  vernier. 

470.  Fonrth  Adjortmeni  To  adjust  the  Solar  Apparatut  to 
the  Compass-Sights.  Set  the  vernier  of  the  horizontal  limb  at  90°. 
Raise  the  latitode-aro  until  the  polar  axis  is  horizontal,  and  set  the 
vernier  of  the  decli nation-arc  at  zero.  Direct  the  eqnatorial  sights 
at  some  distant  point.  If  the  same  point  is  seen  through  the  sights, 
no  adjustment  is  necessary.  If  not,  the  eights  must  be  changed, 
or  some  equivalent  adjustment  made,  which  can  only  be  done  by 
an  instrument-maker. 

Field-work. 

471.  Before  the  instrument  can  be  used  in  the  6eld,  it  is  neces- 
sary to  determine  what  angles  are  to  be  set  ofl  on  the  declination- 
arc  and  on  the  latitude-arc. 

On  the  declination-arc,  both  the  declination  of  the  sun  and  the 
correction  for  refraction  must  be  provided  for. 

472.  SMlin&tion.  The  declination  of  the  sun  at  noon  at  Green- 
wich, England,  is  given  in  the  "  Nautical  Almanac  "  for  every  day 
in  the  year,  together  with  the  hourly  change  in  declination. 

To  determine  the  declination  at  any  place  for  any  time,  a  cor- 
rectioQ  will  need  to  be  applied  for  difference  of  declination  due  to 
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the  difference  of  time  eorreepondiDg  to  difference  of  longitude,  saA 
also  for  change  of  declination  for  different  hoars  of  the  da;. 

For  example,  anppose  ve  wish  to  find  the  declination  of  the  san 
at  Schenectady,  New  York,  for  the  different  hours  of  the  day  on 
May  1,  1885.  The  longitude  of  Schenectady  is  73'  55'  50'  west 
This  in  time  is  Ih.  55  m.  43sec.,  or  approximately  (and  near  enough 
for  this  purpose)  5  hours.  From  the  "  Nantical  Almanac"  we  find 
that  the  declination  of  the  sun  at  Grceuwich,  noon  on  May  lat,  to 
be  15"  18'  Z1-6'  north,  and  the  hourly  difference  is  45". 

When  it  is  noon  at  Qreenwicb,  it  is  7  o'clock  in  the  morning  ai 
Schenectady,  and  at  that  time  the  declination  of  the  sun  is  15° 
ve  37". 

For  the  succeasiTe  hours  of  the  day  we  have  only  to  add  the 
hourly  difference  in  declination,  55"  (the  sun  at  that  time  baTiag  a 
motion  northward  from  the  equator). 

473.  Befraetion.  Tables  of  refraction  have  been  calculated, 
giving  the  amount  of  refraction  for  different  altitudes  from  the 
horizon.  These  tables,  however,  give  the  refraction  in  a  vertical 
plane,  and  are  not  directly  applicable  for  use  as  a  correction  in 
declination.  It  is  evident  that,  in  revolving  the  declination-aro 
around  the  polar  axis,  the  declination-arc  will  not  lie  in  the  plane 
of  a  vertical  circle,  except  when  it  b  placed  in  the  plane  of  the  me- 
ridian. The  correction  for  refraction,  to  be  set  off  on  the  declina- 
tion-arc, will  not,  therefore,  be  equal  to  the  refraction  given  in  the 
tables  except  at  noon. 

The  proper  correction  for  refraction  to  be  set  off  on  the  decli- 
nation-arc varies  with  the  latitude,  declination  of  the  sun,  and 
hour-angle  of  the  sun. 

From  Chauvenet's  "Astronomy,"  Art.  130,  we  have  : 
Bcfraction  in  declination  =  ^  .  tan.  x  .  cos.  q. 

The  value  of  k'  may  be  taken  from  Table  II,  Chauvenet's  "As- 
tronomy." Its  mean  value  is  about  57",  and  this  may  be  employed 
when  very  precise  results  are  not  required. 

2  IS  the  zenith  distance,  and  q  the  parallactic  angle. 

From  Art  15,  Chauvenet's  "Astronomy,"  we  have: 
tan.  «  .  COS.  q  =  cot.  (8  -|-  N), 


byGoogIc 


TBE  SOLAR  C0MPA88.  327 

in  irhieh  8  s=  declination  of  the  sau,  and  N  ie  an  auxiliary  quan- 
tity. Tan.  K  equals  cot.  ^ .  cos.  t,  in  which  ^  is  the  latitude  of 
the  place,  and  /  the  hour-angle  of  the  sun. 

The  tables  of  Refraction  in  Declination  *  are  oolonlated  by  the 
above  formulas. 

In  the  tables  the  honr-angle  denotes  the  distance  of  the  sun 
from  the  meridian  in  hours.  Thus,  at  7  o'clock  A.  H.  the  value  of 
the  hour-angle  is  five  hours.  The  north  deoliuatiouB  are  indicated 
by  -}-  and  the  south  declinations  by  — . 

When  the  Ban  is  in  north  declination,  the  refraction  in  declina- 
tion given  by  the  tables  is  additive.  When  the  sun  is  in  south 
declination,  it  is  subtraotive. 

Ko  tables  of  refraction  can  be  relied  npon  for  altitudes  of  less 
than  five  degrees. 

To  use  the  tables,  suppose  the  d<«linatioQ,  corrected  for  re- 
fraction, be  required  for  each  hour  of  the  day,  May  1,  1886,  at 
Schenectady,  New  York. 

By  Art.  472  we  found  that  the  declination  at  7  o'clock  in  the 
morning  was  16°  13'  37".  The  latitade  of  Schenectady  is  12°  Iff. 
(Take  tabular  valnes  for  42°  W.) 

In  the  tables  we  find  that  the  refraction  in  declination  for  kti- 
tude  43°  30',  when  the  sun's  declination  is  15°,  and  hour-angle  C 
hours,  is  V  36".  Adding  this  to  16°  13'  3T,  we  have  16°  14'  to  be 
aet  off  on  the  declination-arc 

471  To  determine  the  Latitude.  Set  oft  on  the  declination-aro 
the  declination  of  the  sun  at  noon  on  the  given  day  (corrected  for 
refraction). 

A  few  minutes  before  noon,  set  up  and  level  the  inatmment,  set 
the  declination-arc  at  13  o'clock  on  the  hour-arc,  and  turn  the  iu- 
strument  horizontally  until  the  declination-arm  is  directed  toward 
the  sun.  Move  the  latitude-arc  vertically  so  as  to  bring  the  sun's 
image  between  the  eqoatorial  Hues.  As  the  sun  moves  toward  the 
meridian,  turn  the  instrument  horizontally  so  ae  to  keep  the  image 
between  the  hour-lines,  and  move  the  latitnde-aro  so  as  to  keep  the 

*  These  Ublei  were   calculated   by   Edward  W.  Antu,  0    E.,  for  W.  ft  t.  S 
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image  between  the  equatorial  lines.  So  long  as  the  sun  ia  ascend' 
ing,  the  image  will  move  downward  on  the  plate.  When  the  sna 
has  passed  the  meridian,  and  begina  to  descend,  the  image  will 
move  upward.  When  the  image  begins  to  move  upward,  the 
reading  on  the  latitndfr-arc  will  give  the  latitude  of  the  place. 

475.  To  determine  the  "  Meridian,"  or  true  Nortlk  and  Boath 
line.  Set  off  on  the  latitude-arc  the  latitude  of  the  place,  and  on 
the  doclination-arc  the  declination  of  the  sun  at  the  time,  corrected 
for  refraction.-  Level  the  instrument,  clamp  the  horizontal  plates 
at  zero,  turn  the  latitude-arc  approximately  south,  and  direct  the 
declination-ann  toward  the  eun.  Then  with  one  hand  turn  the 
instrument  horizontally,  and  with  the  other  revolve  the  declination- 
arm  on  the  polar  axis,  ontil  the  image  of  the  sun  is  hraught  between 
the  equatorial  lines.     The  sights  will  then  point  north  and  south. 

476.  Bnnning  Linee.  The  meridian  being  given  by  the  solar 
compass,  it  can  be  used  for  determining  the  bearing  of  lines  in  the 
same  way  as  an  ordinary  compass,  but  with  greater  precision,  as 
the  meridian  is  more  accurately  determined,  and  the  angles  are 
read  by  the  vernier  to  single  minutes. 

477.  Um  of  tiie  Magnetic  Veedle.  Since  the  solar  compass  gives 
the  true  meridian,  and  the  magnetic  needle  tbe  "magnetic  merid- 
ian," the  declination  of  the  magnetic  needle  can  be  read  off  directly 
from  the  magnetic  needle.  If  tbe  needle  be  kept  at  zero  of  the 
compaas-bo.T  arc,  by  turning  the  box  with  its  tangent-screw,  the 
declination  of  tbe  needle  can  be  read  to  minutes  on  the  are  which 
shows  tbe  movement  of  the  com  pass- box. 

By  constantly  noting  the  declination  of  the  needle,  br  by  mov- 
ing the  needle-box  so  as  to  keep  the  needle  reading  zero,  lines  may 
be  run  by  the  needle,  while  the  sun  is  obscured,  or  at  such  times  as 
for  any  reason  the  solar  apparatus  is  not  reliable,  as  when  the  sun 
is  near  the  horizon  or  the  meridian. 

478.  Bolar  Attachment.*  The  solar  apparatus  may  be  attached 
to  A  transit,  as  shown  in  Fig.  343. 

•  Thia  atuchmpnt,  Bhown  in  Rg.  842,  ia  muufactured  bj  W.  *  L.  E.  Onri^, 
Troj,  New  YoA, 
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The  "  polar  axis  "  of  the  eolsr  apparatna  ia  att^hed  to  the  hori- 
zontal axis  of  the  telescope,  and  projects  upward.  The  "  honr- 
oirole"  is  the  Email  graduated  circle,  shown  above  the  telescope. 


Engineer's  Transit,  with  Solar  Attuchmeiit 

On  the  "polar  axis"  rests  the  frame,  wliich  carries  thi-  declina' 
tion-arc,"  and  the  "arm"  with  its  slow-motion  attachments,  "solar 
lenses,"  and  "equatorial  lines,"  as  before  described. 


byGoogIc 


380  LAKD-SUEVETmO. 

The  Yertical  circle,  or  arc,  of  the  transit,  is  used  for  a  *'  Iftti- 

tnde-arc" 

Adjustments, 

479.  The  first,  eecond,  and  third  adjnatmentB  are  similar  to 
those  of  the  solar  compass,  already  explained. 

480.  To  adjust  the  Polar  Azit.  Level  the  inatrament  carefully, 
and  then  level  the  telescope  by  means  of  the  level  attached  to  it. 
Set  the  arm  of  the  declination-arc  at  zero,  and  bring  it  parallel  to 
the  telescope.    Place  an  adjusting  level,  Bhown  in  Fig.  343,  on  the 


rectangnlar  blocks  attached  to  the  deolination-arm.  If  the  babble 
remains  in  the  center,  the  polar  axis  needs  no  adjustment  in  the 
plane  of  the  axis  of  the  telescope.  If  not,  bring  the  babble  to  the 
center  by  means  of  the  two  capstan-head  screws  under  the  hour- 
circle,  and  in  line  with  the  telescope.  Then  turn  the  declination- 
arm  on  the  polar  axis  nntit  it  is  parallel  to  the  telescope  axis,  and 
at  right  angles  to  its  former  position.  If  the  bubble  now  remains 
in  the  center,  no  adjustment  is  necessary.  If  not,  bring  the  bubble 
to  the  center  by  means  of  the  pair  of  capstan-bead  screws  under  the 
bour-ctrcle  and  in  line  with  the  telescope  axis.  Verify,  and  repeat 
the  above  operations  until  the  bubble  of  the  adjusting  level  will 
remain  in  the  center  while  the  decltnation-arm  is  revolved  horizon- 
tally on  the  polar  axis. 

48L  To  &4jiut  the  Hour-Arc.  When  the  telescope  is  in  the 
plane  of  the  meridian,  the  index  of  the  hour-circle  should  give  ap- 
parent solar  time— that  is,  mean  solar  time  ±  the  equation  of  time. 
tf  the  index  does  not  point  to  the  proper  division,  it  can  be  made 
to  do  BO  by  loosening  the  screws  on  the  top  of  the  hour  circle,  and 
turning  it  until  the  correct  time  is  indicated  by  the  index. 
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Transit,  with  Solar  Attachmeat. 
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488.  The  method  of  uaing  the  boUf  apparatus  on  the  transit  is 
BO  Dearly  the  same  as  that  on  the  compass,  already  given,  that  no 
separate  directions  will  be  necessary. 

4B3.  Fig.  344  represents  a  transit  with  another  form  of  solar 
attacliment.*  It  consists  essentially  of  a  small  telescope  and  level, 
the  telescope  being  mounted  in  standards,  in  which  it  can  be  ele- 
vated or  depressed.  The  standard  rerolves  around  an  axis,  called 
the  polar  axis,  which  is  fastened  to  the  telescope  axis  of  the  transit 
instmment.  The  telescope,  called  the  "solar  telescope,"  can  thus 
be  moved  in  altitude  and  azimnth.  It  is  provided  with  shade- 
glaeseti  to  subdue  the  glare  of  the  sun,  as  well  as  a  prism  to  observe 
with  great«r  ease  when  the  declination  is  far  north.  Two  pointers 
attached  to  the  telescope  to  approximately  set  the  instrument  are 
so  adjusted  that  when  the  shadow  of  the  one  is  thrown  on  the  other 
the  sun  will  appear  in  the  field  of  view. 

AMUBTMniT  or  TB*  Arr^aATUB. 

1.  The  transit  must  be  in  perfect  adjustment,  especially  the 
levels  on  the  telescope  and  the  plates;  the  cross  axis  of  the  tele- 
scope should  be  exactly  horizontal,  and  the  index  error  of  the  ver- 
tical circle  carefully  determined. 

2.  The  polar  axis  must  be  at  right  angle*  to  the  line  of  colUma- 
Hon  and  horizontal  axis  of  main  telescope. 

To  eflEect  this,  level  the  instrument  carefully  and  bring  the 
bubble  of  each  telescope  level  to  the  middle  of  its  scale.  Revolve 
the  solar  around  its  polar  axis,  and  if  the  bubble  remains  central 
the  atljustment  is  complete.  If  not,  correct  half  the  movement  by 
the  adjusting  screws  at  the  base  of  the  polar  axis,  and  the  other 
half  by  moving  the  solar  telescope  on  its  horizontal  axis. 

3.  The  line  of  colUmalion  of  the  solar  telencope  and  the  axis 
of  its  level  must  be  parallel. 

To  effect  this  bring  both  telescopes  in  the  same  vertical  plane 
and  both  bubbles  to  the  middle  of  their  scales  Observe  a  mark 
through  the  transit  telescope,  and  note  whether  the  solar  telescope 

•  Invented  and  manutnciured  by  G.  N.  ^aegmQUer,  WMbingtoD,  D.  C,  from  whose 
ekUlogue  the  description  U  taken. 
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points  to  a  mark  above  this,  equal  to  the  dbtance  between  the  hori- 
zontal axes  of  the  two  teleacopea.  If  it  does  not  bisect  this  mark, 
move  the  cross-wires  by  means  of  the  screws  until  it  does.  Qen- 
erally  the  small  level  has  no  adjustments  and  the  parallelism  is 
effected  only  by  moving  the  cross-hairs. 

The  adjustments  of  the  transit  and  the  solar  should  be  fre- 
qvenlly  examined,  and  kept  as  nearly  perfect  as  possible. 

DiBEcnons  fob  dhiko  tme  Attauuhmt. 

First.  Take  the  declination  of  the  sun  as  given  in  the  "  Nauti- 
cal Almanac "  for  the  given  day,  and  correct  it  for  refraction  and 
hourly  change.  Incline  the  transit  telescope  until  this  amonnt  is 
indicated  by  its  vertical  arc.  If  the  declination  of  tlie  sun  is  north, 
depress  it ;  if  south,  elevate  it  Without  disturbing  the  position  of 
the  transit  telescope,  bring  the  solar  telescope  into  the  vertical 
plane  of  the  large  telescope  and  to  a  horizontal  position  by  means 
of  its  level.  The  two  telescopes  will  then  form  an  angle  which 
equals  the  amonnt  of  the  declination,  and  the  inclination  of  the 
solar  telescope  to  its  polar  axis  will  be  equal  to  the  pol&r  distance 
of  the  aiin. 

Second.  Without  disturbing  the  relative  positions  of  the  two 
telescopes,  incline  them  and  set  the  rernier  to  the  co-latitnde  of  the 
place. 

By  moving  the  transit  and  tfae  "Solar  Attachment"  around 
their  respective  vertical  axes,  the  image  of  the  sun  will  be  brought 
into  the  field  of  the  solar  telescope,  and  after  accnrately  bisecting 
it  the  transit  telescope  must  be  in  the  meridian,  and  the  compass- 
needle  indicates  its  deviation  at  that  place. 

483'.  A  series  of  observations  were  made  for  the  Ohio  Society 
of  Surveyors  and  Civil  Engineers,  by  Prof,  C.  S.  Howe  and  Mr. 
J.  6.  Davis,  to  determine  the  accuracy  attainable  with  solar  attach- 
ments. The  inatmmenta  used  were  Qurley's,  Saegmuller's,  and 
Buff  &  Berger's.     In  their  report  they  say : 

"  It  soon  became  evident  that  to  secure  the  best  results,  instru- 
ments must  not  only  be  carefully  adjusted,  but  must  also  be  fre- 
quently tested  on  a  known  meridian  line. 
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"  Errors  of  ono  minute,  ot  even  one  minute  antl  a  half,  either 
w&j,  are  not  infrequent,  aud  any  single  observation  would  be  ud- 
curtain  to  this  extent ;  but  the  mean  of  twenty  or  more  observations 
ought  to  be  within  less  than  half  a  minute." 

For  full  details  of  the  observations  see  "Transactions  of  the 
Ohio  Society  of  Surveyors  and  Civil  Engineers,"  1895. 

To  locBte  s  Farallel  of  Latitude. 

48^  It  a  line  be  run  on  the  surface  of  the  earth,  having  all  of 
its  points  in  the  same  vertical  plane,  as  they  will  be  when  lined  in 
by  a  properly  adjusted  transit,  the  line  will  be  a  great  circle  of  the 
earth,  and  can  not  coincide  with  a  parallel  of  latitude. 

Points  on  a  parallel  of  latitude  are  usually  determined  hy  offsets 
from  a  great  circle.  The  following  are  some  of  the  methods  em- 
ployed : 

485.  By  OffiMta  from  a  Tangent.     In  Fig.  345,  let  P  be  the  pole 

of  the  earth,  P  A  and  P  B  the  meridians. 

Fro.  646.  and  A  B  the  desired  parallel. 

If  from  A  a  line  be  run  perpendicular  to 

the  meridian  A  P,  it  is  evident  that,  owing 

to  the  convergence  of  the  meridians,  the  per- 

pendicnlar  will  not  coincide  with  the  parallel 

of  latitude  through  A.     In  north  latitudes, 

as  in  the  United  States,  the  perpendicular, 

A  C,  will  run  to  the  south  of  the  parallel. 

AB. 

To  find  the  distance  C  B,  when  the  latitude  of  the  starting 

point  A,  and  the  distance  A  C  are  known. 

In  the  triangle  P  A  C,  right-angled  at  A : 

COS.  P  C  =  cos.  A  P  X  cos.  A  C. 

BC  =  PC-PB,  andAP  =  BP  =  oo-latitude. 

.'.  COS.  PC  =  8in.  latitude  X  cos.  AC [1.] 

A  C,  being  a  measured  distance  on  an  arc  of  a  great  circle,  must 

be  reduced  to  the  corresponding  angle. 

,     ,      ,                ■        ■     .         'ength  of  arc  X  3437-7468 
Angle  of  any  arc  in  minutes  = —^. . 
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(3437 -7468  =  57-89578  X  60).     Art.  380. 

Treating  the  earth  as  a  sphere,  thU'becomes : 

.,,..,         ,       ».    ,        3437-7468 
Angle  oi  arc  m  mmutes  =  length  oi  arc  -sj^gTakoS' 

Log.  arc  in  miautee  =  log.  length  —  3-7841301     .     .     .     [3.] 

Then  aae  the  value  obtained  by  [2]  in  formuU  [1]. 

B  0  is  fooud  aa  an  angle.     To  reduce  it  to  feet,  we  hare : 

T      ^i_  ■    .    .^      angle  in  minutes  X  radius 
Length  m  tMt  =  -^ ^,-^3,,,-^^^ . 

-       ,.    .    .    ,      anele  in  seoonda  X  radioB 
Length  m  feet  = ^j^^-j^-^jjg . 

Log.  length  in  feet  =  log.  angle  in  seconds +  3-0059789    .    .    [3.] 

OHwrwise,     Find  the  length  of  an  aro  sahtending  one 
second  at  the  center. 

36b"3<  TO  x"60   -  ™  ^  ''*'  ' 
te.,  101 '386  feet  subtends  an  angle  of  one  second  at  the  center  of  the 

earth.     Then,  angle  in  seconds  = i^M~iioa~^  >  '™'^  diBtanca  = 

angle  in  seconds  X  101-386 [4.] 

ApprtXEimately, 
B  0  in  seconds  =  }  P*  (in  seconds)  X  sin.  2  P  A  X  sin.  1'.    .     [5.] 

To  find  p.         tan.  P  =  55l4-|- 
Sin.  AP 

Examph.     Latitude  45°  norths  and  distance  6  miles,  tB' 
quired  the  oSset  B  G. 

6  miles  =  31680  feet. 

By  [8]  log.  31680  =  4-500785S 

-  3-7841301 

log.  5' -207808=    -7166651 

6'-207808=    5'12"-468 

By  [1]  log.  sin.  45°  =  9-8494850 

log.  cos.  5'  12"-468  =  9^-999J^996 

loig.  COB.  PO  =  log.  COS.  46"  0'  0"-237  ^9"-84'94846 

,'.  BC  =  0"-237 
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To  reduce  to  feeb  by  [3],     log.  C'-aS?  =  1-3747483 

+  a -0059789     . 
log.  B  C  in  feet  =  log,  84-039  feet  =  1-3807272 
Second  Method: 

^"K'*  =  1014^6  =^12'  =  ^' ^^'-^^S- 
Then,  as  above,  we  find  B  C  =  0'  237  of  are. 

B  C  in  feet  =  0'-23r  X  101  -386  =  24-0289  feet. 
Approximate  Method: 
Solving  by  formula  [5],  wa  find  BC  =  24-3  feet. 

486.  Spheroidal  FoimnU.  The  preceding  methode  suppose  the 
earth  to  be  a  sphere.  Treating  it  as  a  spheroid,  the  following  for- 
mula is  w'.thout  material  error  for  distances  within  100  miles  • 

'  a 

i  =  distance  in  feet,  L  =  latitude  of  initial  point. 
a  equatorial  radius  =  20926062  feet 


Bsample.     Latitude  45°  N.     Distance  6  miles, 

log.  e*  =     3-8244104 

.         .    .  .  o       1 9-8494860 
log.s.n.'45   =ig.8494g5o 


log.  -0083371  =  3-5 

1  _  -0033371  =  -9966628 

^log.  0-9966628=  -1-9992741  slog,  notnerator. 

log.  J  =  r-6989700 

(4-5007852 

^  J  4-5007852 

log.  tan.  4.5  =  10- 

log.  namerator  =  T-9992741 


log.  a  =     7-3206876 
log.  23-941  feet=     1-3791270 

487.  Instead  of  making  the  great  circle  tangent  at  the  starting- 
point,  it  may  be  run  so  as  to  be  Ungent  at  the  three-mile  point  of 
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AZntUTHS  OF  TEE 


3  THE  PABALLEL. 


rrheulmi 

th  »  tbe  OKOUat  adRl« 

tbe  UoKcnt  make*  witb  Uw  true  merfdiui  uid  kIv*j> 
wn-U  ud  lOKU-d  (he  UuweDtW  polnti.] 

1 ,.,. 

ImUe.          imllv. 

amIlM.           4>iillm.           Kmilei. 

SmIlM. 

BO" 
81* 
82° 

89  59  30 
80  59  28 
89  59  27 

089  58  59-689  58  29-686  57  56-089  57  20-980  66  56-8 
886  58  57-5189  68  26-389  57  55-089  57  aS'SlSO  56  52-5 
689  68  55-086  68  32-589  67  6O-0|80  57  17'5|86  56  46-0 

34° 
35° 

80  59  20 
89  59  24 
80  59  28 

289  58  52-989  68  18'7!80  67  44-6^89  57  ll-2'86  56  37-4 
989  58  46-989  58  14-889  57  89-789  57  04-689  56  29-8 
989  58  47-289  58  10-889  57  84-4'89  58  58-089  50  21-6 

36° 

89  59  22 
89  59  30 
89  50  19 

289  58  44-4189  58  06-880  57  38'086  59  Sl'lSO  56  13-4 
889  58  41-686  68  02-589  67  23-8'86  56  44'l'80  56  05-0 
489  58  38-8,89  87  58-389  67  17-588  56  86-9'86  65  56-3 

39' 
40' 
41° 

80  59  17 
89  SO  10 
80  50  14 

9,86  58  85-8^89  57  58-789  57  11-880  56  29-689  55  47-5 
4|86  58  B2-8'89  57  49-289  57  05-589  m  21-989  56  88-8 
8,86  68  29-689  57  44-4  89  56  59-386  56  14-ll80  95  28-6 

42° 

44' 

89  59  18 
80  69  11 
80  56  09 

580  58  23-1189  57  34-B8B  56  46-386  55  57'789  55  00-2 
8,89  68  19-889  57  29-589  58  39-3189  93  40-189  54  58-9 

ArV 

48' 
47° 

80  59  08 
80  59  OB 
80  50  04 

0'86  58  19-189  57  24-l'89  56  33-l'80  55  40-2'86  54  48-3 
2'86  58  12-4'80  57  18-6,89  58  24-8.89  65  81-088  64  87  3 
388  58  08-889  57  12-989  96  17-189  55  21-486  54  25-7 

48° 
49° 
30° 

89  59  02 

80  59  00 
80  58  68 

389  68  04-689  57  06-989  58  09-2 
289  58  00-589  57  00-789  58  00-0 
186  57  66-289  56  54-389  55  53-6 

89  55  11-5,86  54  188 
89  65  01-386  54  01-4 
89  64  50  5|89  53  485 

L*T. 

TmlleB. 

Bmilea.         Dmllea. 

lOmDee. 

lln.U». 

19  milts. 

80° 
81° 
82° 

W56  28 
89  58  21 
86  56  12 

8 
8 
5 

89  69  50 
86  65  50 
80  56  40 

889  55  29-8 

0,89  65  18-8 
089  55  07-6 

89  54  69-7 
89  64  47-6 
80  54  35-1 

89  64  2e'7 
89  54  16-3 
89  64  02-6 

89  53  98-7 
89  53  46-1 
89  53  30-1 

83° 
84° 
85° 

89  56  03 
89  65  54 
89  55  45 

6 
5 
2 

89  56  29 
89  55  16 

86  56  06 

986  94  96-1 
4  86  54  44-4 
8  86  54  33-8 

89  54  23-3 
86  54  09-3 
89  53  55-0 

89  53  48-6 
86  63  34-2 
89  93  I9'5 

89  58  14-8 
89  52  69-1 
89  52  43-1 

86° 
87° 
88° 

89  55  85 
89  55  25 
89  65  16 

6 

8 

86  54  67 
86  64  46 
86  54  35 

8  89  64  20-0 
689  54  OT-4 
186  53  54-5 

89  68  42-3 
89  93  38-2 
89  58  18-9 

86  63  04-9 
86  92  48- 1 
86  52  38-3 

86  52  36-7 
86  52  (HI-9 
86  91  53-6 

89' 
40° 

41° 

89  55  06 

89  54  64 
80  54  43 

4 

7 
7 

86  64  23 
89  54  11 

89  68  58 

3,36  53  41-2 
1  86  53  S7-5 
588  53  13-4 

89  53  59-1 

89  62  43-8 
80  53  28-2 

86  52  17-0 
89  62  00-2 
89  51  43  0 

86  51  84-6 
88  61  16-6 
86  50  97-8 

42° 
43' 
44° 

80  64  82 
86  54  30 

89  54  08 

4 

8 
7 

89  68  45 
89  58  82 
89  53  18 

0  86  52  58-8 
3,86  52  43-8 
589  52  28-4 

89  52  12-0 
»9  61  66-4 
89  51  38-3 

89  51  25-2189  50  88-4 
80  6!  08-086  50  18-5 
89  50  48-0|8B  49  57-8 

45° 
49° 
AT 

89  63  56 
89  53  43 

89  58  80 

3 
4 
0 

88  58  04 
86  52  46 
86  52  84 

380  52  12-3 
5  86  51  55-7 
389  51  38-8 

89  51  20-4 

89  61  01 -1) 
89  50  42-1) 

89  50  28-489  49  36-4 
8!)  .SO  08-189  49  14-8 
89  49  47-280  48  51-4 

48' 
49° 
50° 

89  58  16 
89  63  01 
80  53  40 

1 
6 

86  52  18 
86  52  01 
80  61  44 

486  51  20-7 
7  88  50  42-8 

89  50  23 -IJ 
89  50  03-4 
89  49  40-9 

S!)  49  25  3189  48  27-6 
89  49  O3-Oi80  48  02-8 
89  48  39-0|80  47  37-1 
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OFFSETS,  IN  FEET,  FKOH  TANGENT  TO  PARALLEL. 


Lit 

ImUB. 

Smfln. 

l'^ 
1-60 
1-67 

Imlln. 

4lIllhH. 

Smlks. 

Omtie.. 

30 

ai 

33 

oIb 

0-40 
0-42 

3'^7 
3-61 
3-78 

6-17 
6-43 
6-07 

9-64 
10-03 
10-43 

13-88 
14-44 
15-02 

S3 
94 
35 

0-43 
0-45 
0-47 

1-73 
1-80 
1-87 

3-00 
4-05 
4-20 

6-93 
7-20 

7-47 

10-82 
U-25 
11-68 

15-60 
16-20 
16-81 

36 

sr 

36 

0-48 
000 
0-53 

1-94 
201 

2-08 

4-30 
4-52 

4-00 

7-75 
8-04 
8-33 

12  11 
12-57 
18-02 

17-44 
18-09 
18-75 

40 
41 

O-M 
0-56 
0-W 

3-16 
2-24 

4-86 
5-03 
5-21 

8-63 
8  B5 
9-27 

13-49 

13-08 
14  48 

19-48 
2011 
20-85 

42 
43 
44 

000 
0-62 
OM 

2-40 
2-48 
267 

6-40 
5-69 

5-;9 

9-59 
9-93 
10-39 

14-99 
1S-S2 
16-07 

21 -50 
23-35 
23-14 

4S 
4G 
47 

067 
0-69 
0-71 

2-66 
2-76 

2-85 

500 
6-20 
6-42 

10-65 
11-02 
11-41 

16-64 
17-31 

17-83 

23-06 
24-80 
35-68 

48 
49 
50 

0-74 
0-78 
0-79 

2-05 
8-06 
317 

8-65 

6-88 
7-13 

12-24 
12-68 

19-47 
10-12 
19-80 

26-59 
37  54 
28-52 

L« 

Tnill«. 

8tnlJ«i. 

»mll«s. 

in  iTii!e». 

38-55 
40-12 
41-71 

llmU™. 

40-65 
48-54 

50-47 

11  miles. 

30 
81 

18 'BO 
10'60 

ao-44 

2T67 

25-08 
26-69 

32  49 
33-78 

55-52 

57-77 
60-06 

83 
84 
3fi 

21 -ai 
22-05 
22-«) 

27-74 

28-80 
20-80 

35-10 

30-45 
37-83 

43-34 
4500 
46-71 

63-44 
54-45 
66-63 

62  41 
64-80 
67-28 

86 
8T 
88 

23-74 
24-83 
25-52 

31  01 

32-Ifl 
3:1-33 

39-25 

40  70 

43-19 

48-45 
50-34 

52-08 

58-63 
60-79 
63-03 

69-77 
72- ai 
7500 

30 
40 

41 

2<|-44 

27  40 

■     28-37 

34-54 

35-78 
37-06 

43-71 
45-29 
46-90 

53-87 
55-91 
57-01 

65-30 
67-65 

70-07 

77-71 
80-51 
83-39 

43 
43 
44 

29-38 
30-43 
31-50 

38-a8 
39-74 

41-14 

48-57 
50-29 
53-07 

50-97 

62-09 
04-38    . 

72-56 
76-13 

77-78 

86-35 
89-41 
93-57 

46 
46 
47 

82-61 
33-76 
34-95 

43-59 
4410 
45-05 

.53-01 
.55 -HI 
57-78 

60-55 

68-00 
71-34 

80-53 
83-37 
86-33 

95-84 
99-23 
103-73 

48 
4U 
90 

36-19 

37-48 
38-82 

47-37 

48-95 
50-70 

.5tt-H:t 
01-06 
64-17 

73-80 
76-49 
79-22 

89-37 
03 -55 
05-86 

108-36 

110-15 
114-08 
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the  township  line.  This  will  require  shorter  offsets.  The  azimutha 
and  offsets  io  any  case  may  be  taken  from  the  tables  of  azimuths 
and  oflaeta  from  tangents,  noting  that  for  a  township  the  great  circle 
runs  three  miles  each  way  from  the  potiit  of  taiigency.  Hnppose  it 
is  required  to  run  such  a  tangent  to  the  45"  parallel.  From  the 
tables  we  find  the  azimuth  for  the  three-mile  point  is  89°  57'  241", 
and  the  offset  5'00  feet.  Then  determine  a  point  on  the  meridian 
through'  A  and  5'90  feet  south.  From  this  point  run  a  line  having 
an  azimuth  of  89°  57'  341",  and  it  will  be  tangent  to  the  latitude 
arc  at  the  three-mile  point.  All  required  azimuths  and  offsets  are 
given  in  the  table. 

Tbe  azimuth  or  bearing  of  the  tangent  at  Buccessive  mile  points 
will  be  taken  from  the  table  to  the  nearest  whole  minnte  only,  except 
when  legt  sights  are  taken.  The  offsets  at  intervals  of  one  mile  are 
inserted  in  the  table ;  to  obtain  the  length  of  offsets  at  the  half-mile 
points,  take  one  fourth  of  the  offset  corresponding  to  twice  the  dis- 
tance of  the  half-mile  point  from  the  tangential  point. 

Example.  Required  the  offset  at  5^  miles,  in  latitude  45°  34-6'. 
The  offset  at  11  miles  (interpolated  for  the  given  latitude)  is  8216 
feet,  which  divided  by  4  gives  20-54  feet,  the  offset  required.  The 
tables  are  extended  to  13  miles,  in  order  to  provide  necessary  data; 
but  tbe  tangent  will  be  limited  to  six  miles. 

488.  By  Ofbets  from  a  "Secant." — Instead  of  running  the  great 
circle  so  as  to  be  tangent  to  the  latitude  arc  It  may  be  mn  so  as  to 
intersect  it  at  given  points,  as,  for  example,  at  the  beginning  and 
end  of  the  six-mile  arc,  or  at  the  one-mile  and  the  five-mile  points. 
In  this  last  case  the  line  run  out  keeps  nearer  the  latitude  arc  than 
in  any  of  the  other  methods,  so  that  the  offsets 
p  arc  shorter. 

Tbe  method  consists  in  running  a  great 
circle  for  six  miles  (the  width  of  a  township), 
the  starting-point  and  the  original  bearing  be- 
ing such  that  the  line  run  will  intersect  the 
parallel  at  points  one  mile  and  five  miles  from 
the  starting-point  For  example,  suppose  it  is  desired  to  determine 
points  on  the  45"  parallel,  represented  by  A  B  Fig.  354\  B  being  six 
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miles  from  A.  An  arc  of  a  great  cirale  is  run  from  C  to  F,  cutting 
the  parallel  at  D  and  E,  D  being  one  mile  and  E  five  miles  from  C. 
For  convenience  the  line  C  F  is  called  a  "  secant."  The  distance 
of  the  secant  from  the  latitude  arc  at  any  point  may  be  calculated 
by  the  methods  employed  in  Art  484. 

The  table  *  (page  341)  gives  angles  and  oSsets  from  a  secant  to 
a  parallel  of  latitude. 

The  true  bearing  of  the  secant  at  each  mile  and  half-mile  point 
will  be  expressed  by  the  tabular  azimnih  preceded  by  the  initial 
,  meridional  letter  N,  when  the  distance  argument  is  found  at  the 
top  of  the  table;  but  when  this  argument  is  found  at  ihc  bottom  of 
the  table  the  meridional  letter  S  will  be  placed  before  the  azimuth ; 
while  the  departure  letter  E  or  W  will  be  made  to  agree  with  the 
direction  of  the  survey,  east  or  west,  as  the  case  may  require. 

The  direction  of  the  offsets  from  the  secant  to  the  parallel  is  in- 
dicated by  the  letter  N  or  S  following  the  offsets. ' 

Examples.  Standard  parallel  run  west,  latitude  48°  N. ;  distance 
from  initial  point  of  secant  2  miles.  The  bearing  is  N.  89°  59'  W., 
and  the  offset  is  2-22  feet  S.  At  5J  miles  the  bearing  is  S.  89°  57' 
W.,  and  the  offset  is  1G6  feet  N. 

The  bearing  is  taken  to  the  nearest  minute. 

The  offsets  for  minutes  of  latitudes  may  be  determined  by  in- 
terpolating by  simple  proportion. 

489.  Length  of  PaxalleU.  The  radius  of  any  parallel  of  latitude 
equals  the  radius  at  the  equator  multiplied  by  the  cos.  latitude. 

Then  length  in  feet  of  1°=  Too  ■  '^'"*  '"  '^^  ^  '"*^  latitude. 

Then  length  in  feet  of  1°=  t^  X  30912405  X  cos.  latitude. 

log.  length  in  feet  of  1°  =  log.  cos.  latitude  +  55622814. 

Exaniple.    To  find  the  length  of  a  degree  on  the  45"  parallel. 

log.  cos.  45  =  9  8494855. 

5'5fi22814 

log.  258087  =  5-4117669. 

"  froio  "  Instructiona  "  issued  bj  the  Gpneral  Lniid  Offiw. 
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Conversely.  The  angle,  in  minutee,  subtended  by  any  arc  s 
length  of  arc  X  3J37-7468 

radioe  X  ooe.  latitude 
iftg.  angle  in  minutee  =  log.  arc  in  feet  —  3*7841301  —  cos.  Istitnde. 
IhMmpk.    Latitude  45°  N.  and  distance  6  miles, 
log.  31680  =  4-5007852 
-  3-7841301 
■7166551 
eo-log.  coa.  45°  =    -1505150 
log.  r  21'-897        -8671701 

A90.  The  difference  of  lengths  of  any  two  parallels  ia  called  the 
oonvergcnce  of  the  meridians  between  those  parallels.  This  may 
be  obtained  more  easily,  since  the  distances  between  the  meridians 
are  as  the  cosines  of  the  latitudes. 

Example.  Two  "  range-lines "  (meridians)  are  6  miles  (480 
ohains)  apart  on  the  base-line  of  46°. 

Required  their  conTergence  at  47°  north. 

Length  at  47°  =  480  '"^  tl°  =  ^71-252. 
^  OOB.  46 

480  -  471*253  =  8  chains  74-8  links. 
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CHAPTER  VIII. 

BESVRVSrS. 

4B1.  bttodnotion.  In  making  a  regnrrey  of  a  piece  of  ground 
the  problem  nsuallj  presented  is  to  make  the  description  of  a  par* 
eel  of  ground  given  in  a  deed  or  lot  deBcription  agree  with  the 
boaudariea  of  the  same  parcel  indicated  on  the  gronnd. 

Where  the  original  anrvey  was  properij  made,  and  the  monu- 
ments of  the  original  surrey  remain,  the  problem  is  an  easy  one. 
But  if,  as  is  frequently  the  case,  the  original  surrey  was  inaccurate, 
and  even  erroneous,  and  all,  or  many,  of  the  corners  and  tine-marks 
spoken  of  in  the  deed  hare  disappeared,  the  problem  becomes  very 
perpleiing. 

As  a  rule,  in  the  older  States  the  original  farm  surreys  were  not 
very  carefully  made,  and  few  permanent  monuments  were  set 
Stakes  driven  in  the  ground  were  the  usual  corner  and  line  marks, 
and  these  soou  disappeared. 

One  of  the  principal  difficulties  in  resnrveying  arises  from  the 
fact  that  many  of  the  old  surveyors  did  not  understand  the  declina- 
tion of  the  magnetic  needle,  and  therefore  either  took  no  account 
of  it  or  did  not  make  the  proper  correction.  If  some  of  the  original 
monuments  remain,  such  errors  can  be  at  once  detected  and  cor- 
rected, but  if  none  of  the  original  monuments  remain  the  question 
of  determining  the  proper  bearings  is  a  difHcnlt  one  to  solve. 

In  the  newer  States,  where  the  original  surveys  were  made  by 
the  United  States  Government  on  lines  running  north  and  south 
and  east  ond  west,  the  didicnlties  are  not  so  great,  hut  are  still  con- 
siderable. The  proper  direction  of  the  Hues  is  known,  and  more 
marks  and  monuments  are  to  be  found,  but  the  inaccuracies  of  the 


byGoogIc 


344  LAND-SVR  VEY/A'O. 

original  work  aod  the  disappearaoce  of  corner-marks  make  the  de- 
termination of  aectioa-Iines  and  Bubdiviaions  anything  but  simple. 

492.  BtandardB  (^  Heanuenunt  Another  source  of  trouble  in 
reBnrveys  arises  from  the  fact  that  the  instrumenta  for  measuring 
distances  used  by  some  of  the  old  surveyors  were  inaccurate,  and 
there  were  uo  Government  standanla  of  measurement.  The  first 
standard  of  length  in  the  United  States  having  any  official  sanction 
was  the  standard  yard,  legalized  by  the'  British  Parliament  in  1855, 
a  copy  of  which  was  sent  to  tho  United  States  Office  of  Weights  and 
Measures.  The  metric  system  of  weights  and  measures  was  legal- 
ized by  the  United  States  Government  in  1866.  In  1875  seventeen 
governments,  including  that  of  the  United  States,  united  in  form- 
ing ail  International  Bureau  of  Weights  and  Measui-es,  the  object 
being  to  prepare  and  distribute  standards  of  weights  and  measures. 

The  copies  have  been  distributed,  and  the  standard  sets  for  the 
United  States  were  unsealed  in  Washington  Jan.  2,  1892.  This 
gives  us  aviiilable  standards  in  both  systems.  Any  one  can  have  his 
measuring- tape  compared  with  the  Government  standard  at  Wash- 
mgton  by  applying  to  the  Bureau  of  Weights  and  Measures  and 
paying  a  small  fee. 

The  United  States  Government  has  placed  duplicates  of  the 
standards  of  weights  and  measures  in  alt  of  the  States,  so  that  steps 
have  been  taken  toward  the  proper  distribution  of  the  standards. 
One  step  further  is  needed.  The  standards  should  be  so  distributed 
as  to  be  readily  aviiilablo  for  all.  In  every  town  of  any  considerable 
size,  and  in  at  least  one  town  in  every  county,  there  should  be  a  true 
meridian,  plainly  and  permanently  marked,  as  a  standard  for  bear- 
ings or  azimuths;  and  standards  of  measurements  should  be  so 
placed  that  not  only  engineers  and  eurveyors  might  test  their  meas- 
uring instrumnfite,  but  that  any  one  who  needs  to  use  a  tape-line 
can  test  it  and  know  whether  it  is  correct  or  not. 

In  comparing  a  tape  with  the  standard  it  should  be  tested  under 
tho  same  conditions  in  which  it  is  to  be  used — that  is,  it  should  be 
supported  at  points  the  same  distance  apart,  and  nnder  the  same 
tension  as  it  will  be  when  in  use.  This  will  avoid  the  necessity  of 
computing  tlic  corrections  for  sag,  elongation  from  pull,  etc.     The 
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temperature  at  which  the  test  is  made  should  also  be  noted,  so  that 
the  proper  correction  for  temperature  may  be  applied.  Steel  tapes 
expand  from  0-000005  to  0000007  of  their  length  for  every  degree 
Fahr.  of  rise  in  temperatnre.  On  accurate  measurement  with  a 
steel  tape,  see  Chapter  X,  Part  II. 

In  making  a  resurvey  where  there  is  considerable  nncertainty,  ns 
in  the  case  of  disputed  boundaries,  the  surveyor  has  no  official  power 
to  decide  any  disputed  point.  He  can  only  act  as  an  expert,  and 
give  an  opinion  as  to  what  is  the  most  probable  solution  of  the  diffi- 
culties in  question.  If  the  interested  parties  do  not  agree  to  accept 
his  decision,  the  question  must  be  settled  in  the  courts. 

Many  of  the  questions  which  arise  in  such  eases  have  been  de- 
cided in  the  courts,  and  these  decisions  will  guide  the  surveyor  so 
far  as  they  cover  the  points  which  may  arise  in  his  practice. 

SOXE  BUIAS   OF  LAW  OOVEBKINa  BESTTBVETB. 


193.  In  the  older  States  it  seems  to  have  been  the  practice  in 
,  making  surveys  to  run  the  lines  according  to  the  magnetic  meridian, 
and  not  according  to  the  true  meridian.  Where,  therefore,  there 
was  nothing  in  the  deed  or  patent  to  control  the  call  for  courses 
and  distances,  the  land  was  to  be  taken  as  bounded  by  the  courses 
and  distances  of  the  dee*!  or  patent  according  to  the  magnetic 
meridian. 

In  1796  Congress  passed  an  act  providing  for  the  sale  of  the 
lands  of  the  United  States  in  the  territory  northwest  of  the  river 
Ohio  and  above  the  month  of  the  Kentucky  River,  What  is 
known  as  the  rectangular  system  of  surveys  was  adopted.  This 
system  requires  that  the  meridian  lines  shall  be  run  on  the  true 
meridians. 

Section  3395  of  the  Revised  Statutes  of  the  United  States  pro- 
vides that  "  the  public  lands  shall  be  divided  by  north  and  south 
lines  run  according  to  the  true  meridian,  and  by  othei-s  crossing 
them  at  right  angles."  Where  this  system  was  adopted  there  can 
be  no  presumption  that  the  lines  of  a  survey  were  run  by  the  mag- 
netic meridian. 
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"Where  Description  ot  Lands  is  Zaconaisteat  or  UncertaiiL 
1.  Parts  of  the  description  which  are  moat  certain  prerail. 
ffhere  there  are  two  conflicting  deecriptione  in  a  deed,  or  two  con- 
flicting parts  of  the  same  description,  that  which  is  more  certain  and 
stable,  and  t)io  least  likely  to  have  been  miatalcen,  or  to  have  been 
inserted  inadvertently,  must  prevail  if  it  sufficiently  identifies  the 
land.  This  rule  is  particularly  trne  where  one  of  the  descriptions 
or  parts  of  the  description  ia  expressed  in  certain  and  definite  terms, 
while  the  other  is  vaguely  and  uncertainly  stated  to  be  "about"  a 
certain  distance,  or  the  like. 

3.  If  both  descriptions  are  equally  stable  and  certain,  that  which 
is  most  favorable  to  the  grantee  is  to  be  preferred. 

3.  Where  a  deed  contains  two  descriptions,  one  particular  and 
definite,  showing  the  location  and  bounds  of  tiie  land,  and  the  other 
general  in  its  terms,  and  they  conflict,  the  former  controls. 

4.  Where  the  particular  description  is  in  any  degree  obscure  or 
uncertain,  the  general  description  may  be  resorted  to  for  the  pur- 
pose of  establishing  the  identity  of  the  premises,  and  items  of  the 
particular  description  which  do  not  harmonize  with  the  general 
description  may  be  rejected. 

Wherever  the  general  description  is  clear,  de6nit«,  and  certain, 
the  particular  will  not  control  it,  especially  where  the  latter  ie  uncer- 
tain in  some  of  its  terms. 

5.  Where  there  is  uncertainty  the  prime  object  ia  to  arrive  at 
the  intention  of  the  parties. 

6.  Where  the  general  description  refers  to  a  deed  or  other  instru- 
ment which  gives  the  boundaries,  then  it  becomes  a  particular 
description. 

7.  A  description  which  snflicicntly  identifies  the  land,  and  is  in 
accord  with  the  obvious  intention  of  the  parties,  will  not  be  vitiated 
by  the  insertion  of  erroneous  calls  for  monuments  or  other  particu- 
lars which  are  repugnant  to  that  description;  such  error  will  be  re- 
jected as  "false  demonstration,"  and  what  remains  will  pass  the  tract. 

8.  An  exception  too  uncertain  and  indefinite  to  have  any  mean- 
ing may  be  dropp&l,  and  the  previous  description,  complete  in 
itself,  allowed  to  stand. 
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9.  No  part  of  a  description  is  to  be  rejected  unless  absolutely 
necessary  to  uphold  the  deed. 

10.  Where  there  are  several  particulars  given  in  a  conveyanM, 
all  of  which  are  necessary  to  identify  the  premises,  nothing  will  pass 
which  does  not  satisfy  every  particular. 

Monaxaeats,  Courses,  and  Distances, 

1.  Monuments,  courses,  and  distances  are  only  witneasea  of  the 
Intention  of  the  parties  to  the  deed,  and  us  such  that  which  is  most 
stable,  certain,  and  least  liable  to  be  mistakeu  is  to  prevail  when 
they  do  not  agree.  Monuments  are  fixed  facta;  they  visibly  indi- 
cate the  extent  of  the  land  and  the  direction  of  the  boundaries, 
while  courses  and  distances  arc  merely  descriptive  of  the  facts,  based 
upon  measurement,  estimation,  and  calculation,  and  hence  the  value 
of  each  as  a  witness  is  in  the  order  above  named,  and  amount  of 
land,  which  is  purely  calculation,  is  the  moat  unreliable  of  all. 

2.  Monuments  prevail  over  the  plan  or  plat  of  the  survey  referred 
to  in  the  deed. 

3.  Monuments  established  or  marked  on  the  ground  and  recog- 
nized for  twenty-one  years  or  more  as  designating  the  true  boundary, 
will  prevail  over  a  description  of  the  original  laying  out  of  the  land 
contained  in  the  original  proprietor's  records. 

4.  The  existence  of  marked  lines  obviates  a  mistake  in  the  plat, 
certificate  of  survey,  and  grant,  iu  calling  "  west "  "  north,"  and  th» 
like. 

&.  A  line  which  is  marked  part  of  the  way,  though  not  a  right 
line  from  corner  to  corner,  will  control  the  boundary,  and  such 
boundary  for  the  residue  of  the  distance  will  be  a  direct  line  to  the 
corner  or  point  called  for. 

6.  Where  there  are  no  express  calls  to  fix  the  location  of  a  line 
with  certainty,  evidence  is  admissible  to  show  where  the  line  was 
run,  and  it,  when  thus  established,  will  control  courses  and  distances 
laid  down  in  the  survey  and  deed. 

7.  Monuments  subsequently  erected  by  the  parties  to  a  con- 
veyonce  by  mutual  consent,  as  being  those  called  for  therein,  will 
control  specifications  of  quantity  and  courses  and  distances. 

8.  There  is  a-  preference  among  monuments.     Natural  monn- 
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ments,  such  as  rivers  and  the  like,  are  generally  of  a  more  perma- 
nent and  notorious  character  than  artificial  monuments.  Hence, 
the  rule  that  natural  rather  than  artificial  monuments  called  for 
in  a  deed  will  prevail  where  they  conflict. 

9.  But  where  it  is  clear  that  the  artificial  monument  is  more 
reliable  than  the  natural  it  will  prevail. 

10.  Where  the  reason  on  which  the  above  rules  are  based  fails 
the  rule  fails,  hence  the  true  rule  can  be  determined  in  many  cases 
from  the  facts  alone.  And  where  the  facta  of  the  case  makti  conrsca 
and  distances  more  reliable  than  monuments  then  they  prevail. 
The  general  rule  is  never  to  be  adhered  to  when  it  would  lead  to 
au  absurdity.  Nor  where  it  would  defeat  the  grant.  Nor  where  it 
would  defeat  the  manifest  intent  of  the  parties. 

11.  Monuments  called  for  as  "supposed"  to  be,  or  "near,"  or 
about  the  intended  Hue,  are  not  definite  enough  to  prevail  over 
deiinite  courses  and  distances. 

12.  If  A  monument  called  for  in  a  deed  is  gone  the  surveyor  can 
not  establish  himself  a  legal  monument  to  take  its  place;  this  can 
be  done  only  upon  the  agreement  of  the  parties  interested. 

13.  If  no  monuments  arc  called  for  in  the  deed,  or  if  the  monu- 
ments called  for  are  gone,  then  courses  and  distances  control  the 
survey  and  all  the  terms  of  description. 

14.  If  the  courses  and  distances  can  not  be  closed  on  the  plot 
they  do  not  wholly  control,  but  in  such  a  case  resort  may  be  bad  to 
the  subordinate  parts  of  the  description. 

15.  In  determining  the  location  of  a  boundary,  course  prevails 
over  distance  where  they  do  not  harmonize.  The  same  is  true  in 
restoring  lost  lines  or  corners. 

16.  The  last  rule  does  not  prevail  where  by  so  doing  the  intent 
of  the  parties  will  not  be  carried  out;  but  the  very  reverse  may 
be  the  true  rule  if  it  best  carries  out  the  intent  of  the  parties  or 
obviates  an  absurdity. 

17-  Quantity  is  the  least  reliable,  and  is  the  last  to  be  resorted 
to  of  all  the  dpscriptive  particulars  in  a  deed.  But  if  there  is  a 
clear  intent  to  give  only  a  certain  quantity  it  may  control  the  other 
parts  of  the  description. 

18.  A  plot  referred  to  in  a  deed  becomes  a  part  of  it  and  con- 
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trols  a  line  subsequently  established  in  surveying  another  contigu- 
ous tract,  and  it  may  control  courses  and  distitnces. 

19.  If  a  town  lot  is  described  by  number,  the  toiro^tlat  becomes 
a  part  of  the  conveyauce. 

The  description  by  number  of  section  makes  the  map  and  field 
notes  of  the  pnblic  surveys  a  part  of  the  description. 

20.  Where  the  numbers  in  a  deed,  as  written,  vary.^ffMn  the 
numerals,  also  used,  the  former  control.  '^ 

%\.  Aline  to  be  run  between  certiun  points  is  presumad  to  ba 
a  straight  line,  but  may  be  deflected  to  take  in  a  designated  object. 

28.  Where  the  point  at  which  a  survey  begins  is  IqbI,  and  the 
next  comer  and  the  course  and  distance  between  the  two  are 
known,  the  first  point  may  be  found  by  reversing  the  first  course 
from  the  second  point.  This  is  the  rule  of  law  as  to  any  lost  point 
in  a  survey  of  premises. 

S3.  If  no  monument  is  found  at  the  point  of  intersection  of  two 
lines  of  a  surrey,  snch  point  of  intersection  will  be  presumed  to  be 
a  comer. 

24.  If  the  description  is  a  definite  quantity  out  of  a  larger  tract 
at  some  designated  comer,  then  the  same  is  to  be  laid  off  out  of  the 
designated  comer  in  a  square  form,  and  if  certain  objects  are  in- 
cluded in  the  grant,  then  the  survey  of  the  part  is  to  be  as  nearly 
in  a  square  form  aa  possible  and  include  the  designated  objects. 

Boundaries  on  Stretune,  Lakes,  and  other  Waters. 
The  decisions  of  the  different  States  are  so  much  at  variance  as 
to  boundaries  on  waters  that  it;  is  difficult  to  give  here  any  general 
nilos  lis  a  guide  in  reaurveys.  The  only  safe  guide  is  for  the  sur- 
veyor to  consult  the  law  of  the  State  where  the  surrey  is  to  be 
made. 

1,  Streams  are  classified  as  naviga^ile  and  non-navigable.  The 
courts  differ  as  to  what  is  a  navigable  stream.  The  rule  most  fre- 
quently adopted  is,  that  it  is  a  stream  susceptible  of  navigation  for 
purposes  of  commerce  during  some  portions  of  the  year. 

2.  Some  States  hold  the  bed  of  a  navigable  stream  is  vested  in 
the  State,  while  others  hold  it  is  vested  in  the  adjoining  proprie- 
tors, and  when  an  adjoining  proprietor  conveys  bis  land  he  ispr^- 


byGoogIc 


850  LAI^D-SURVETINO. 

enmeil  to  con?ey  to  the  ceuter  of  the  stream  unless  he  in  ternjB 
limits  it  to  the  bank  or  liigh  or  low  water,  or  in  express  terms 
reserves  the  bed  of  tJie  8trenm  from  the  grant.  The  same  is  true 
of  flats  lying  between  the  land  described  and  the  stream  upon 
wbiuh  it  abuts.. 

3.  When  a  stream  is  not  navigable,  or  if  navigable  the  grantor 
owns  the  bed  of  it,  the  general  rule  is  that  all  grants  of  land  bor- 
dering upon  it  vest  title  in  the  grantee  to  the  thread  of  the  stream, 
unless  an  intent  to  limit  it  to  some  other  line  clearly  appears  from 
the  deed. 

4.  The  thread  of  the  stream  is  the  line  running  equidistant 
from  the  two  banks  at  the  ordinary  slage  of  the  water.  It  may  or 
may  not  be  the  middle  of  the  cliannel. 

5.  If  the  grantor  owned  to  the  center  of  the  stream,  and  the 
deed  gives  boundaries,  one  of  which  extends  into  or  along  a  stream, 
the  conveyance  extends  to  the  center  of  the  stream,  though  the 
stream  be  not  named  in  the  deed. 

C.  The  purpose  of  meander-lines  along  or  near  the  bank  of 
streams  is  to  designate  the  course  of  the  siream  and  to  aid  in  deter- 
mining the  amoant  of  land.  They  are  hot  to  have  the  effect  of 
restricting  the  houndary-line  or  to  prevent  it  from  extending  to  the 
thread  of  the  stream. 

7.  It  becomes  important  to  know  what  language  in  a  deed  will 
be  construed  as  an  intent  on  the  part  of  the  grantor  to  reserve  to 
himself  the  bed  of  the  stream.  Here  courts  differ  to  such  an  extent 
that  but  few  general  rules  can  be  formulated.  To  almost  any  rule 
there  are  exceptions, 

8.  The  fact  that  one  or  more  of  the  courses  in  a  deed  extends 
to  a  monument  on  the  bank  or  by  the  side  of  a  stream  is  not  suffi- 
cient to  indicate  an  intent  on  the  part  of  the  grantor  to  limit  the 
boundaries  of  his  grant,  nor  to  prevent  their  reaching  the  thread  of 
the  stream,  where  the  boundary  between  the  monuments  is  described 
as  running  with,  by,  along,  or  upon  the  stream, 

9.  Where  the  deed  describes  the  boundary  as  running  along  the 
bank  of  a  stream,  the  word  "  bank  "  restricts  the  boundary  and  does 
not  permit  it  to  reach  the  thread  of  the  stream..  The  word  "bank" 
is  not  construed  to  be  the  top  of  the  rise  of  ground  or  the  bottom 
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of  it,  but  as  the  grantor  in  using  it  bae  not  designated  iiny  part  of 
it  the  deed  is  construed  most  strongly  against  him,  and  it  is  he)d 
to  be  low-water  marli.  So  a  line  running  to  the  waters  of  a  btream 
runs  to  low-water  mark. 

10.  Where  a  deed  makes  the  shore  a  boundary- line,  the  courts 
vary  so  much  as  to  what  is  conveyed  that  an  attempt  at  a  rule  would 
only  confuse.  "Shore"  is  the  laud  covered  and  uncovered  by  the 
ebb  and  flow  of  the  ordinary  tides.  The  term  should  never  be  used 
ill  describing  lands  abutting  upon  waters  without  tides.  The  im- 
proper nse  of  the  term  has  led  to  much  of  the  diversity  of  holding  as 
to  its  meaning.  Some  courts  extend  the  conveyance  to  the  thread 
of  the  stream,  some  to  the  low-water  line,  and  others  to  the  high- 
water  line. 
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494.  Lerelin;  in  Oenenl.  A  level  surface  is  one  which  is  every- 
where perpendicular  to  the  direction  of  gravity,  as  indicated  by  a 
plnmb-line,  etc.,  iind  conBcquciitly  parallel  to  the  snrface  of  stand- 
ing water.  It  is,  therefore,  spherical  (more  precisely,  Bpheroidal), 
but,  for  a  small  extent,  may  ho  coneidered  as  plane.  Any  line  lying 
in  it  is  a  level  line. 

A  vertical  line  is  one  which  coincides  with  the  direction  of 
gravity. 

The  height  of  a  point  is  its  distance  from  a  given  level  surface, 
measured  perpendicularly  to  that  surface,  and  therefore  in  a  ver- 
tical line. 

Leveling  is  the  art  of  determining  the  difference  of  the  heights 
of  two  or  more  points. 

To  obtain  a  level  surface  or  line,  nsnally  the  latter,  is  the  first 
thing  required  in  levelinjt. 

When  this  has  been  obtained,  by  any  of  the  methods  to  be  here- 
after described,  the  desired  height  of  a  point  may  be  determined 
directly  or  indirectly. 

Direct  Leveling.  In  this  method  of  leveling,  a  level  line  is  so 
directed  and  prolouged,  eiiher  actually  or  visually,  as  to  pass  exactly 
over  or  under  the  point  in  question — i.  e.,  bo  aa  to  be  in  the  same 
vertical  pinne  with  it — and  the  height  (or  depth)  of  the  point  above 
{or  below)  Ihis  level  line  is  mcnsured  by  a  vertical  rod,  or  by  some 
similar  means.     The  height  of  any  other  point  being  determined  in 
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the  same  maimer,  the  differeDce  of  the  two  will  be  the  height  of 
one  of  the  points  above  the  other.  So  on,  for  any  number  of 
points. 

DiBECT  Letelinq  18  the  method  most  commonly  employed.  It 
will  form  Chapter  IX. 

Indirect  LervUng.  In  this  method  of  leveling  tho  desired 
height  is  obtained  by  calcnlation  from  certain  co-ordinate  mcas- 
nred  lines  or  angles,  vhich  fix  the  place  of  the  point 

Thua,  the  horizontal  distance  from  any  point  to  a  tree  being 
known,  and  also  the  angle  with  the  horizon  mado  by  a  straight  line 
jmseing  from  the  point  to  the  top  of  the  tree,  its  height  above  the 
point  can  be  readily  calculated.  This  is  the  most  simple  and  most 
nsual  form  of  this  method. 

Methods  similar  to  those  employed  for  determining  the  length 
of  a  line,  one  end  or  both  ends  of  which  are  inaccessible,  may  be 
used  in  tliis  method  of  leveling.  See  Chapter  V,  Obstacles  in 
Angular  Surveying. 

Id  the  problems  which  are  there  solved,  the  lines  employed  lie 
in  a  horizontal  plane.  By  conceiving  the  plane  of  the  tines  to  be 
vertical,  many  of  the  solutions  will  apply  to  the  determination  of 
vertical  distances — that  is,  diSerences  of  level.  This  method  of 
leveling  is  employed  in  determining  the  difference  of  level  of  the 
stations  of  a  geodetic  aarvoy,  where  the  stations  are  long  distances 
apart  and  tho  horizontal  distances  between  them  are  determined  by 
tho  survey. 

INDIRECT  Levelinq  will  be  developed  in  Chapter  XI,  Fart  11. 

Baromvtrie  LeTelin^.  This  determines  the  difference  of  the 
iifi^lits  of  two  points  by  the  difference  of  the  weights  of  the  por- 
tions of  the  atmosphere  which  are  above  each  of  them,  as  indicated 
by  a  barometer.  An  important  advantage  in  this  method  of  level- 
ing is  that  the  distances  between  stations  do  not  need  to  be  known 
in  order  to  determine  the  differences  of  level.  It  is,  therefore,  avail- 
able for  explorations,  reconnaissance,  and  preliminary  work,  which 
needs  to  be  carried  on  before  any  ncoiirato  measurements  of  dis- 
tances are  made.     It  is  explained  in  Chapter  X  V,  Part  II. 
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Precise  Leveling.     While,  in  general,  the  methods  employed  in 

Precise  Leveling  are  the  siime  ad  in  ordinary  Direct  Leveling,  the 
instruments  used  are  capable  of  more  accurate  adjuetmcnt;  and 
repetitions  of  observations  are  systematically  arranged,  so  as  to  re- 
duce the  errors  to  the  least  jwesible  amount.  This  is  the  method 
employed  in  geodetic  surveying  for  determining  in  the  most  precise 
manner  possible  the  difference  of  level  of  &  series  of  stations  ex- 
tending over  long  distances,  as  from  the  ocean  to  the  Great  Lakes, 
or  across  the  contident  It  will  be  explained  in  Chapter  XIV, 
Part  IL 

DIRECT  LETSLISa. 

annxBAL  pbinoiplb& 

406.  Lereling;  Inatromenta.  The  instrumentA  employed  to  ob- 
tain a  level  line  may  bo  arranged  in  three  classes,  depending  on 
these  three  principles : 

1.  That  a  line  perpendicnlar  to  a  vertical  line  is  a  horizontal  or 
level  line. 

%.  That  the  surface  of  a  liquid  in  repose  is  horizontal. 

3.  That  a  bubble  of  air,  confined  in  a  veaeel  otherwise  fall  of  a 
liqnid,  will  rise  to  the  highest  point  of  that  liquid. 

They  will  be  described  in  the  following  pages. 

496.  HethodB  of  Operation.  When  a  level  line  has  been  ob- 
tained, by  any  means,  the  difference  of  heights  of  any  two  points 
may  be  found  by  either  of  these  two  methods  : 

First  Method.    Set  the  leveling  instrnment  over  one  of  the 
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points,  as  A,  in  Fig.  346.     Measure  the  height  of  the  level  line 
above  the  point.    Then  direct  this  line  to  a  rod  held  on  the  othei 
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point,  and  note  the  reading.     The  difference  of  the  two  measore- 
monts  at  A  and  B  will  be  the  difference  of  tiieir  heights. 

Second  Method.    Let  A  and  B,  Fig.  347,  represent  the  two 

points.      Set  the  ioBtrn- 

ment  on  any  epot  from 

which    both    the    jwinta 

can  be  seen,  and  at  sncb 

a  height  that   the  level 

line  will  pass  above  the 

highest  one.     Sight  to  a 

rod  held  at  A,  and  note 

the  reading.     Then  turn 

the    instmnient    toward 

B,  and  note   the  height 

obeerred  on  the  rod  held  at  that  point.      The  difference  of  the 

two  readings  will  be  the  difference  of  the  heights  reqnired.     The 

absolute  height  of  the  level  line  itself  is  a  matter  of  in(lifferenoe> 

497.  Cnrratiirfl.     The  level  line  given  by  an  instrument  is  tan- 
gent  to  the  surface  of  the  earth.     Therefore, 
the  line  of  true  level  is  always  below  the  line 
of  apparent  level.     In  Fig.  348,  A  D  repre- 
sents the  line  of  apparent  level,  and  A  B  the 
line  of  trne  level      D  B  is  the  correction 
for  the  earth's  onrvatnre.     By  geometry  we 
have  :  A  D*  =  D  B  X  (D  B  +  2  B  0).      But 
D  B,  being  very  email,  compared  with  the 
diameter  of  the  earth,  may  be  dropped  from 
the  quantity  in  the  parenthesis,  and  we  have  : 
AD' 
'iBO' 
L  e.,  the  correction  equals  the  square  of  the 
distance  divided   by  the  diameter   of    the    earth. 

The  difference  of  height  for  a  distance  of 
,     .,  1  5280  X  12 

^'"•^'  =  7"916=~79T6-   ■ 

This  varies  as  the  square  of  the  distance.     The  effect,  if  n^ 
lected,  is  to  make  distant  objects  appear  lower  than  they  really  ara. 


DB  = 


-  =  8  inches. 
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The  effect  is  destroyed  by  eetttng  the  itiatiiimeDt  midway  be- 
tween the  tiro  poiate. 

198.  Befraction.  Rays  of  light  coming  through  the  air  are 
carred  downward.  The  effect  is,  to  make  objects  look  higher  than 
tboy  really  are.  Its  amoant  is  about  one  seventh  that  of  curva- 
tare,  and  it  operates  in  a  contrary  direction. 

FEBPXITDICUIiAA  XiEVlUA 
499.   Prinoiple.     The    principle    upon   which  these  are    con- 
stmcted  is,  that  a  lino  perpendicnlar 
to  the  direction  of  gravity  is  a  level 


I 


900.   Plnmb-lliie    Level*.     The  A 

level,  Fig.  349,  is  so  adjtuted  that,      % — 

when   the  plamb-line  coincides  with 

the  mark  on  the  cross-piece,  the  feet  of  the  level  shall  be  at  the 

same  height  It  ia  adjusted  by  reversion  thus :  Place  its  feet  on 
any  two  points.  Mark  on  the  cross-bai' 
the  place  of  the  pinmb-line.  Turn  the 
instmment  end  for  end,  resting  it  on 
the  same  points,  aed  mark  the  new  place 
of  the  plumb-line.  The  point  midway 
between  the  two  is  the  right  one. 

Another  form  is  shown  in  Fig.  350. 
The  above  forms  are  not  convenient,  for  prolonging  a  level  line. 

To  do  this,  invert  the  preceding  form,  as  in  Fig.  351. 
To   test    and  ^^  3„ 

adjust  this,  sight     ^  .. 

to    some  distant 

point   nearly  on 

a  level,  and  mark 

where  the  plumb- 
line  comes  to  on 

the  bottom  of  the 

rod.    Tarn  the  instrnment 


place  of  the  plumb-liue. 


id  and  bight  again,  and  note  ^e 
The  midway  point  is  the  right  one- 
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A  modification  of  the  last  form  is  to  fasten  a  common  carpen* 
tor's  sqnare  in  a  slit  in  the  top  of  a  staff,  by  means  of  a  screv,  and 
then  tie  a  plumb-line  at  the  angle  so  that 
it  may  hang  beside  one  arm.  When  it 
has  been  brought  to  do  bo,  by  turning 
the  square,  then  the  other  arm  will  be 
level 

601.  Befieotiag  Leveb.  In  these,  the 
perpendicular  to  the  direction  of  gravity 
is  not  an  actual  line,  bnt  an  imaginary 
reflected  line. 

It  depends  on  the  optical  principle  that  a  ray  of  light  which 
meets  a  reflecting  plane  at  right  angles  is  reflected  back  in  the 
same  line. 

When  the  eye  sees  itself  in  a  plane  mirror,  the  imaginary  line 
which  passes  from  the  eye  to  its  image  is  perpendicular  to  the  mir- 
ror. Therefore,  if  the  mirror  be  vertical,  the  line  will  be  horizon- 
tal It  may  therefore  be  used  like  any  other  line  of  sight  tor 
determining  points  at  the  same  height  as  itselt 

The  first  form,  Fig.  353  (Colonel  Burel's),  con-  rio.  shs. 

sists  of  a  rhomb  of  lead,  of  about  two  inches  on 
a  side,  and  one  inch  thick. 

One  side  (the  shaded  part  of  the  figure)  is 
feced  with  a  mirrOT.  The  right-hand  corner  of 
the  rhomb  is  cut  off,  as  seen  in  the  figure,  and  a 
wire,  A  B,  is  stretched  across  the  mirror. 

To  use  this,  hold  up  the  instrument,  with  the 
mirror  opposite  the  eye,  by  the  string  D,  so  that 
the  eye  seems  bisected   in   the  mirror  by  the  wire  A  B.      Then 
glance  through  the  opening  at  B,  and  any  point  in  the  line  of  the 
eye  and  wire  will  be  in  the  same  horizontal  plane  with  them. 

The  correctness  of  the  instrument  may  be  verified  in  the  follow- 
ing manner  :  Hold  up  the  instrument  before  any  plane  snrface,  as 
a  wall,  and  determine  the  height  of  some  point,  as  prerionsly 
directed.  Then,  without  chiinging  the  height  of  the  instrument, 
tarn  it  half  around,  place  yourself  between  it  and  the  wall,  and 
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note  the  point  of  the  wall  which  is  seen  in  the  mirror  to  coincide 
with  the  image  ot  the  eye. 

If  the  two  poiDta  OD  thd  wall  coincide,  the  instrument  ie  cor- 
rect If  they  do  not,  the  mirror  does  not  hang  plumb,  and  the 
point  midway  between  the  two  ie  the  trne  one. 

The  instmment  is  rectified,  or  made  to  hang  plumb,  by  means 
of  the  pear-shaped  piece  of  lead  seen  attached  to  the  lower  corner 
of  the  rhomb. 

The  second  form  consists  of  a  hollow  brass  cylinder,  with  an 
opening  at  the  upper  end,  as  seen  in  Fig.  354     At  the  opening  is 
8  small  mirror,  whose  ver- 
tical plane  makes  an  an-  *"■ 

gle     with    the    vertical 

plane  of  section  by  which     '  *■ 

the  cylinder  was  cut  in 
forming  the  apertan. 
The  edge  of  the  mirror 
is  marked  thns  (s)  in  the 
first  half  of  Fig.  354. 
The  mirror  is  made  to 

hang  plumb  by  means  of  a  one-sided  weight  within  the  cylin- 
der. 

This  is  used  by  setting  it  on  a  stake  driven  into  the  ground,  or 
by  holding  it  in  the  band,  making  the  lower  edge  of  the  opening 
answer  the  same  pnrpose  as  the  wire  in  the  other  case. 

The  same  methods  of  verifica- 
tion  and  rectification  are  used  as 
**^  with   the   first   form    of    the  in- 

strument. 

The   instrament,  in   its   third 
form,  is  simply  a  small  steel  cylin- 
■   der,  4"  or  5"  long,  and  J"  in  di- 
ameter, highly  polished,  and  sus- 
[jj  pended  from  the  center  of  one  end 

by  a  fine  thread. 
To  use  this,  hold  it  up  by  the  thread  with  one  hand,  and  with 
the  other  hand  hold  a  card  between  the  eye  and  instrument,  asing 


-xrr 
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the  upper  edge  of  the  card,  bb  seeo  reflected  in  the  mirror,  tiie 
same  as  the  wire  in  the  first  form. 

This  instrameDt  is  the  ioTention  of  M.  Oonsineiy. 

WATEK-LEVELS. 

802.  Continnona  Water-Levela.  These  may  coosist  of  a  channel 
connecting  the  two  points,  and  filled  with  water ;  or  of  a  tuhe, 
nsoall;  flexible,  with  the  enda  turned  up,  and  extending  from  one 
point  to  the  other. 

By  measuring  up  or  down,  from  the  surface  of  the  water  at 
each  end,  the  reUtive  heights  of  the  two  points  may  be  determined. 

503.  Titoal  Water-LeTsla.  The  aimpleet  one  is  a  short  surface 
of  water  prolonged  by  eights  at  equal  distances  above  it,  as  in 
Kg.  356. 

A  portable  form  is  a  tube  bent  up  at  each  end,  and  nearly  filled 


with  water.    The  surface  of  the  water  in  one  end  will  always  be  at 

the  same  height  as  that  in  the  other,  howerer  the  position  of  the 

tube  may  vary.     It  may  be 


T 


f 


«ily  constructed  with  a  tube 
of  tin,  lead,  copper,  etc.,  by 
bending  up,  at  right  angles, 
an  inch  or  two  of  each  end, 
and  supporting  the  tube,  if 
too  flexible,  on  a  wooden  bar.  In  these  ends,  cement  (with  putty, 
twine  dipped  in  white-lead,  etc.)  thin  rials,  with  their  bottoms 
broken  off,  bo  as  to  leare  a  free  communication  between  them. 
Fill  the  tuhe  and  the  viaU,  nearly  to  their  top,  with  colored 
water.  Blue  yitriol  or  cochineal  may  be  used  for  coloring  it.  Cork 
their  mouths,  and  fit  the  instrument,  by  a  steady  but  fiexible  joint, 
to  a  tripod. 
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To  use  it,  set  it  Id  the  desired  spot,  place  the  tube  by  eye 
nearly  level,  remove  the  corks,  and  the  surfaces  of  the  vater  in  the 
two  vials  will  come  to  the  same  level.  Stand  about  a  yard  bebiod 
the  oeareet  vial,  and  let  one  eye,  the  other  being  closed,  glance 
along  the  right-hand  side  of  one  vial,  and  the  left-hand  side  of 
the  other.  Raise  or  lower  the  head  till  the  two  anrfaces  seem  %o 
coincide,  and  this  line  of  sight,  prolonged,  will  give  the  level  line 
desired.  Sights  of  equal  height,  floating  on  the  water,  and  rising 
above  the  tops  of  the  vials,  would  give  a  better-defined  line. 

AIB-BUBBLX  OB  SFIBIT  LEVELS. 

KOI.  The  "  apirit-lmel"  consists  essentially  of  a  curved  glass 
tube  nearly  filled  with  alcohol,  but  with  a  bubble  of  air  left  within, 
which  always  seeks  the  highest  spot  in  the  tube,  and  will  there- 
fore, by  its  movements,  indicate  any  change  in  the  position  of  the 
tube.  Whenever  the  bubble,  by  raising  or  lowering  one  end,  has 
been  brought  to  stand  between 
two  marks  on  the   tube,  or,  in  "' 

case  of  expansion  or  contraction, 
.  to  est«Qd  an  equal  distance  on 
either  side  of  them,  the  bottom 
of  the  block  (if  the  tube  be  in 

one),  or  sights  at  each  end  of  the  tnbe,  previously  properly  ad- 
iusted,  will  be  on  the  same  level  line.  It  may  be  placed  on  a  board 
fixed  to  the  top  of  a  stafl  or  tripod. 

When,  instead  of  the  sights,  a  telescope  is  made  parallel  to  the 
level,  and  various  contrivances  to  increase  its  delicacy  and  accu- 
racy are  added,  the  instrument  becomes  the  engineer's  spirit-level. 

The  npper  surface  of  the  tube  is  usually  the  arc  of  a  circle, 
and,  when  we  spesk  of  lines  parallel  to  a  "  level,"  we  mean  parallel 
to  the  tangent  of  this  arc  at  ite  highest  point,  as  indicated  by  the 
middle  of  the  bubble. 

SOS.  Beaaibility.  This  is  estimated  by  the  distance  which  the 
bubble  moves  for  any  change  of  inclination.  It  is  directly  propor- 
tional to  the  radius  of  curvature  of  the  tube.  To  determine  the 
radiuH.  proceed  thus ; 
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Let  S  =  length  of  the  arc  over  which  the  hnbble  moTea  for  aa 
inclinatioa  of  1  second  (1"). 

Let  R  =  itfl  radius  of  curvatnre. 

Then  S  :2«-R  : :  1"  :  360% 
whence  R  =  206265  X  S, 

"''^-  206266- 
8  may  he  fbnnd  by  trial,  the  level  being  attached  to  a  finely 
divided  vertical  circle.     The 
•^■'BS.  radius  may  also    be    found 

without  this,  thus  :  Bring 
the  babble  to  center,  and 
sight  to  a  divided  rod. 
Raise  or  lower  one  end  of 
the  level,  and  again  sight  to 
the  rod.  Call  the  difference 
of  the  readings  h,  the  dis- 
tance of  the  rod  d,  and  the 
space  which  the  bubble 
Then  we  have  two  approximately  similar  triangles ; 


At  100  feet  distance,  the  difference  of  readings  was 
0*02  foot,  and  the  bnbble  moved  0-01  foot.  Then  the  radius  was 
100  X  0-01       ..  ,    . 

— (m-  =  ^*^'^*- 

The  sensibility  of  an  air-bubble  level  equals  that  of  a  plnmb- 
line  level  having  a  plumb-line  of  the  same  length  as  the  radios  of 
curvature. 


606,  Blook-Levd.     If  this  is  marked  by  the  maker,  and  the  bab- 
ble does  not  come  to  the  center,  when 
turned  end  for    end,   plane  or   grind 
off   one   end  of   the    bottom    until  it 
does. 

Otherwise,  if  the  bubble-tube  is  capable  of  movement,  raise 
or  lower  one  end  of  it  until  it  will  verify,  bringing  the  bnbblf 
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half-mj  back  to  the  middle  by  this  means,  and  the  other  hali 
by  raising  or  lowering  one  end  of  the  block,  because  the  reTersion 
has  doubled  the  error. 

Eepeat  this,  if  necessary. 

Cimtlar  LeveL    The  upper  surface  of  this  is  spherical.    It  Till 
therefore  indicate  a  level  in  every  direction,  instead 
of  only  one,  as  does  the  preceding.     It  is  adjusted 
like  the  last  one,  but  in  two  directions,  at  right  an- 
gles to  each  other. 

607.  Level  with  Bightc    The  line  of  sight  is  made 
parallel  to  the  tangent  of  the  level.    It  may  be  tested  thus : 


Bring  the  bubble  to  the  center  of  the  tube  and  make  a  mark,  in 
the  line  of  sight,  as  for  off  as  can  be  seen.  Then  turn  the  level  end 
for  end,  and  sight  again.  If  the  bubble  remains  in  the  same  place, 
"  all  right"  If  not,  rectify  it  by  altering  the  sighta,  or  by  altering 
the  marks  for  the  bubble  to  come  to,  bringing  the  bubble  half-way 
back,  and  trying  it  again. 

508.  Hand-Reflected  LsreL    This  consistB  of  a  brass  tube,  about 
six  incheB  long,  and  one  inch  in  diameter.     To  the  inside  of  the 
P,„  ana.  °PP*^  portion  of  the 

tabe  is  attached  a 
small  level.  A  small 
mirror  is  placed  at  an 
angle  in  the  lower  side 
of  the  tube,  bo  that  it  will  reflect  the  point  to  which  the  bubble 
must  come,   in  order  to  have  the  instrument  level,  to  the  eye. 
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A  BtDnII  hole  at  one  end,  and  a  horizoDtal  CFoae-bair  at  the  oiber, 
give  the  desired  level  line.  It  is  used  by  holding  it  in  the  hand. 
Fig.  363  is  an  approved  form,  made  by  Young,  of  Philadelphia. 
The  improvement  consiste  in  the  patent  "  Locke  sight,"  which 
enables  the  near  cross-hair  to  be  distinctly  seen  at  the  same  time  as 
the  distant  object. 

509.  Onrley'i  TelsKopio   Hand-Level  (Fig.    363',  a).      "This 
oonsists  of  a  tnbe  to  which  are  fitted  the  leuECs  of  a  single  opera- 


glass,  and  contaiaing  in  addition  thereto  a  reflecting  prism,  cross- 
wire,  and  small  spirit-level,  the  lost  being  shown  in  the  open  part 
of  the  tube. 

"  The  eye-lona,  as  indicated  in  the  cut,  is  made  of  two  separate 
pieces,  the  larger  one  being  the  nsn^  concave  eye-lens  of  the 
opera-glass,  the  smaller  one  a  segment  of  a  plano-convex  lens  haT> 
ing  its  focus  in  a  cross-wire  under  the  level-vial  and  above  the 
reflecting  prism. 

"The  observer  holds  the  tube  horizontal,  with  the  level  open- 
ing uppermost,  and  with  the  same  eye  sees  the  object  toward 
which  the  instrnment  is  directed,  and  obBervea  the  position  of  the 
babble.     When  the  level  is  truly  horizontal,  the  cross-wire  will 
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tnseot  the  bubble,  and  will  also  determine  tbe  level  of  any  object 
seen  through  the  telescope. 

"In  the  binocular  form  of  this  level  (Fig.  3fi3',  h)  tbe  tube 
on  the  right  incloses  the  usual  lenses  of  the  opera-glass,  while  that 
on  the  left  contains  only  the  prism,  level-vial,  and  cross-wire. 
The  binocular  hand-level  gives  a  clearer  view  of  an  object  than  is 
possible  with  a  single  tube,  there  being  no  light  lost  by  the  inter- 
ference of  tbe  prism  and  level-vial." 

610.  The  TeloMope-LereL  In  this  the  line  of  coUimation  of 
the  telescope  corresponds  to  the  sights  of  Fig.  363,  and  is  made 
parallel  to  the  level — i.  e.,  this  line  is  so  adjusted  as  to  be  horizon- 
tal when  tbe  bubble  of  its  level  is  in  the  center. 

There  are  many  different  forms  of  the  telescope-level,  of  which 
the  most  important  ones  will  now  be  given. 

511,  The  T-LeveL  This  is  so  named  from  the  shape  of  tbe 
supports  of  the  telescope.  It  is  the  variety  most  used  by  American 
engineers. 

Fig.  361  represents  a  Y-level  of  the  usual  form.  The  telescope 
is  held  in   the  wyes  by  the  clips,  A  A,  which  are  fastened  to  the 

Fia.  3M. 


wyes  by  tapering  pins,  so  that  the  telescope  can  be  clamped  in  any 
position.     The  milled-headed  screws  at  M  and  M  are  used  to  move 
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the  object-glass  and  eye-piece  in  and  out,  bo  as  to  adjust  them  for 
long  and  short  aighte,  and  for  short-sighted  and  long-sighted  per- 
sons. L  is  a  spirit-level ;  P  and  P  are  parallel 
platea  ;  0  is  the  clamp-screw,  which  fastens 
the  spindle  on  vhich  the  lerel-bar,  B,  which 
supports  the  wyes,  turns  ;  T  is  the  tangent- 
screw,  by  which  the  telescope  may  be  slowly 
turned  around  horizontally. 


613.  The  Teleeoope.  The  arrangetnent  of 
the  parts  of  the  telescope  is  shown  in  Fig.  365. 
0  is  the  object-glass,  by  which  an  image  of 
any  object,  toward  which  the  telescope  may  be 
directed,  is  formed  within  the  tube.  £E  is 
the  eye-piece — a  combination  of  lenses,  so  ar- 
ranged as  to  magnify  the  small  image  formed« 
by  the  object-glass.  The  cross-hairs  are  at  X. 
They  are  moved  by  means  of  the  screws  shown 
at  B  B.  A  A  are  screws  used  for  centering  the 
eye-piece.  C  0  are  screws  used  for  centering 
the  object-glass.  At  D  D  are  rings,  or  collars, 
of  exactly  the  same  diameter,  turned  yery  tm- 
ly>  by  which  the  telescope  reTolyes  in  the  wyes. 

The  telescope  shown  in  the  figure  forms  the 
image  erect.  Other  combinations  of  lenses  are 
used,  some  of  which  invert  the  image  ;  but  the 
one  here  shown  is  generally  preferred. 

MS.  The  Crott-Eain.  '  These  are  made  of 
very  Rne  platinum  wire  or  of  spider-threads. 
They  are  attached  to  a  short,  thick  tube, 
placed  within  the  telescope-tube,  through  which 
pass  loosely  four  screws  whose  threads  enter 
and  take  hold  of  the  cross-hair  ring,  as  shown 
in  Fig.  366. 

In  some  instruments,  one  of  each   pair   of 


^4 


opposite  screws  is  replaced  by  a  spring;  and  the  screws,  instead 
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of  being  capstan-headed,  and  moved  by  an  "adjusting-pin,' 
square  heads,  and  are  moved  by  a  "  key,"  like  a  watch-key. 

The  line  of  coUimation 
(or  line  of  aim)  is  the  __ 
imaginary  line  passing 
through  the  intersection  of 
the  croas-haira  and  the  op- 
tical cent«r  of  the  object- 
glass. 

The  image  formed  by 
the  object-glass  shoald  co- 
incide precisely  with  the 
cross-hairs.  When  this  is 
not  the  case,  there  will  be  an  apparent  morement  of  the  cross- 
hairs, about  the  objects  sighted  to,  on  moving  the  eye  of  the  ob- 
senrer.  This  is  called  instrvmental  parallax.  To  correct  it, 
move  the  eye-piece  out  or  in,  till  the  cross-hairs  are  sharply  de- 
fined against  any  white  object.  Then  move  the  object-glass  in 
or  ont,  till  the  object  is  also  distinctly  seen.  The  image  is  now 
formed  where  the  cross-hairs  are,  and  no  movement  of  the  eye  will 
canae  any  apparent  motion  of  the  cross-hairs. 

614  The  LereL  This  consists  of  a  thick  glass  tube,  slightly 
carved  upward,  and  so  nearly  filled  with  alcohol  that  only  a  small 
bubble  of  air  remains  in  the  tnbe.  This  always  rises  to  the  highest 
part.  The  brass  case,  in  which  this  is  inclosed,  is  attached  to  tht> 
under  side  of  the  telescope,  and  is  furnished  with  the  means  of 
moving,  at  one  end  vertically,  and  at  the  other  horizontally.  Over 
the  aperture,  in  the  case,  through  which  the  bubble-vial  is  seen, 
is  a  graduated  level-scale,  numbered  each  way  from  zero  at  the 
center. 

516.  Sapporti.  The  wyes  in  which  the  telescope  rests  are  sup- 
ported by  the  level-bar,  B,  and  fastened  to  it  by  two  nuts  at  each 
end  (one  above,  one  below  the  bar),  which  may  be  moved  with  an 
adjusting-pin.  The  use  of  these  nuts  will  be  explained  under  "  Ad- 
joetments.'*    Attached  to  the  center  of  the  level-bar  is  a  steel 
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epindle,  nutde  bo  as  to  turn  smoothlj  and  firmlj  in  s  hollow  cylin- 
der of  bell-metal ;  this,  again,  is  fitted  to  the  main  socket  of  the 
nppei  parallel  plate. 

616.  Parallel  Flatea     It  is  by  the  aid  of  these  that  the  instm< 
ment  is  leveled.     The  plates  are  united  b;  a  ball-aud-aookot  joiat. 


and  are  held   apart  by  the  fonr  plate-screws,  QQQQ,  which  paM 
through  the  npiter  one,  and  press  against  the  lower  one. 
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To  level  the  inatrament,  tara  the  telescope  till  it  ia  brought 
over  a  pair  of  opposite  parallel  plate-screws.     Then  torn  the  pair 
of  screws,  to  which  the  telescope  has  been  made  parallel,  equall; 
in  opposite   directiooB, 
Bcrewing  one  io  and  the 
other  oat,  till  the  bub- 
ble is  brought  to    the 
center.     Then  turn  the 
telescope  ao  as  to  bring 
it  over  the  other  pair  of      „ 
opposite     screws,     and 
bring  the  bubble  to  the 
center,  as  hefor& 

Repeat  the  operti' 
tion,  as  moving  one  pair  -g 

of  screws  may  affect  the  •! 

other.  ^ 

Sometimes     one    of    S  ^ 

each   pur   of    opposite     i  g 

screws  is  replaced  by  a  h 

strong   spring,   and   in  ° 

some  instnimeats  only  ^ 

three  sorewa  are  nsed.  * 

The  lower  plate  is 
screwed  on  to  the  tripod- 
head. 

517.  Pig.  367  is  a 
twenty  -  inch  Y  -  level, , 
and  Fig.  368  is  a  longi- 
tudinal sectiou  of  it, 
showing  its  construc- 
tion. 

In  Fig.  368,  B  B  are 
the  screws  attached   to  the  cross-hair  ring.     At  A  are  four  screws 
holding  a  ring  through  which  the  inner  end  of  the  eyo-pieee  passes. 
At  G  are  four  screws   holding  a  ring,  through  which  the  inner 
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end  of  the  object-glass  slide  passes.  The  uee  of  these  seta  of  soreira 
will  be  explained  under  "  Adjustmente." 

The  interior  epindle,  D,  which  Bnpports  the  instrument,  and  on 
which  it  turns,  is  made  of  steel,  and  is  carefully  fitted  to  the  in- 
terior of  a  hollow  socket  of  bell-metal,  which  has  its  exterior  sur- 
face fitted  to  the  main  socket,  E,  of  the  tripod-head.  The  hollow 
bell-metal  socket  is  held  in  place  bj  a  washer  and  screw,  shown 
at  F. 

A  screw,  passing  through  the  main  socket,  E,  enters  a  groove 
in  the  exterior  of  the  bell-metal  socket,  and  faateuB  the  inatnunent 
to  the  tripod-head. 

ASJUBTMENTa 

518.  The  line  of  collimation  of  the  telescope  should  be  horizon- 
tal when  the  bubble  is  in  the  center  of  the  tube  ;  which  will  be  the 
case  when  this  line  is  parallel  to  the  plane  of  the  level.  But  both 
this  line  and  this  phine  are  imaginary,  and  can  not  be  compared 
together  directly.  They  are  therefore  compared  indirectly.  The 
line  of  collimation  is  made  parallel  to  the  bottom  of  the  collars, 
and  the  plane  of  the  level  is  then  made  parallel  to  them. 

519.  Tint  Abutment.  To  make  the  line  of  collimation  parallel 
to  the  bottoms  of  the  collars. 

Sight  to  some  well-defined  point,  as  far  off  as  it  can  be  dis- 

FtO.  8S9. 


tinotly  seen.  Then  reTolve  the  telescope  half  around  in  its  sup- 
ports— i.  e.,  torn  it  npside  down.  If  the  line  of  collimation  was 
not  in  the  imaginary  axis  of  the  rings,  or  collars,  on  which  the 
telescope  rests,  it  will  now  no  longer  bisect  the  object  sighted  to. 
Thbs,  if  the  horizontal  hair  was  too  high,  as  in  Fig.  369,  this  line 
of  collimation  woald  point  at  first  to  A,  and,  after  being  tamed 
over,  it  would  point  to  B.  The  error  is  doubled  by  the  reversion, 
and  it  ahonld  point  to  G,  midway  between  A  and  B.     Make  it  do 
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SO,  by  unsorewiDg  the  upper  capstan-headed  screw,  and  screving  in 
the  Icwer  one,  till  the  horizontal  hair  is  broaght  half-way  back  tc 
the  point  B.  Remember  that,  in  an  erecting  telescope,  the  crosB- 
hairs  are  reversed,  and  vice  versa.  Bring  it  the  reat  of  the  way  by 
means  of  the  parallel  plate-screws.  Then  revolve  it  in  the  wyes 
back  to  its  original  position,  and  sec  if  the  intersection  of  the  cross- 
hairs now  bisects  the  point,  as  it  should.  If  not,  again  revolve, 
and  repeat  the  operation  till  it  is  perfected.  If  the  vertical  hair 
passes  to  the  right  or  to  the  left  of  the  point  when  the  telescope  is 
tamed  half  aronnd,  it  mast  be  adjusted  in  the  same  manner  by  the 
otber  pair  of  crosa-hair  screws.  One  of  these  adjnstments  may 
disturb  the  other,  and  they  should  be  repeated  alternately.  When 
they  are  perfected,  the  intersection  of  the  cross-hairs,  when  once 
fixed  OQ  a  point,  will  not  more  from  it  when  the  telescope  is  re- 
volved in  its  supports.  This  doable  operation  is  called  adjusting 
the  line  of  colliviation. 

It  has  now  been  broaght  into  the  center  line,  or  axis,  of  the 
collars,  and  is  therefore  parallel  to  their  bottoms,  or  the  points  on 
which  they  rest,  if  they  are  of  equal  diameters.  We  have  to  assnmo 
this  as  having  been  effected  by  the  maker. 

In  making  this  adjustment,  the  .level  should  be  clamped,  but 
need  not  be  leveled. 

&20.  8«oond  Adjutment  To  make  the  bottoms  of  the  eollara 
parallel  to  the  plane  of  the  level — i.  e. ,  to  insure  their  being  hori- 
zontal when  the  bubble  is  in  the  center. 

Clamp  the  instrument,  and  bring  the  bubble  to  the  center  by 
the  parallel  plate-screws.  Take  the  telescope  out  of  the  wyes,  and 
turn  it  end  for  end.  If  the  bubble  returns  to  the  center,  "  all 
right."  If  not,  rectify  it,  by  bringing  the  bubble  half-way  back, 
by  means  of  the  nuts  which  are  above  and  below  one  end  of  the 
bubble-tube,  and  which  work  on  a  screw.  Bring  it  the  rest  of  the 
way  by  the  plate-screws,  and  again  turn  end  for  end.  Bepeat  the 
operation,  if  necessary. 

If,  in  revolving  the  telescope  (as  in  the  first  adjustment),  the 
bubble  runs  toward  either  end,  it  must  be  adjusted  sidewise,  by 
means  of  two  screws  which  press  horizontally  against  the  other  end 
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of  the  bubble-tube.     This  piirt  of  the  adjustment  may  derange  the 
preceding  part,  which  mast,  tberefore>  be  tried  again. 

S21.  Third  Actjoabnent  To  cause  the  bubble  to  remain  in  the 
center  of  the  tube  when  the  telescope  is  turned  around  horizontaUy. 

To  verify  this,  bring  the  babble  to  the  center  of  the  tabe,  and 
then  tnm  the  telescope  half-way  around  horizontally.  If  the  bub- 
ble  does  not  remain  in  the  center,  adjust  it  by  bringing  it  half-way 
back  by  means  of  the  nnte  at  the  end  of  the  level-bar.  Test  it  by 
bringing  it  the  rest  of  the  way  back  by  the  parallel  plate-screwB, 
and  again  taming  balf-wa;  around. 

The  cause  of  the  difficulty  is,  that  the  plane  of  the  level  is  not 
perpendicular  to  the  axis  aboat  which  it  turns,  and  that  this  axis 
is  not  vertical.     The  above  operations  correct  both  these  faults. 

This  adjustment  is  mainly  for  convenience,  and  not  for  accu- 
racy, except  in  a  very  small  degree. 

Some  instrumente  have  no  means  of  making  the  third  adjust- 
ment.    They  must  be  treated  thus  : 

Use  the  screws  at  the  end  of  the  bubble-tube,  to  cause  the  bab- 
ble to  remain  in  the  center  when  the  level  is  tamed  around  hori- 
zontally. Then  make  the  line  of  collimation  parallel  to  the  level 
by  raidng  or  lowering  the  crose-hairs. 

S83.  When  levels  are  provided  with  the  means  of  centering  the 
eye-piece  and  object-glass,  these  operations  should  precede  the  first 
three  which  we  have  just  explained. 

Centering  the  Object-  Glass.  After  adjusting  Uie  line  of  collima- 
tion for  a  distant  object  (as  explained  in  the  "  First  Adjustment ") 
move  out  the  slide,  which  carries  the  object-glass,  until  a  point  ten 
or  fifteen  feet  distant  can  be  distinctly  seen.  Then  turn  the  tele- 
scope half  over,  as  before,  and  see  if  the  intersection  of  the  cross- 
hairs bisects  the  point.  If  not,  bring  it  half-way  back  by  the 
screws  0  C,  Fig.  365,  moving  only  one  pair  of  screws  at  a  time. 
Repeat  the  operation  for  a  distant  point,  and  then  again  for  a  near 
one,  if  necessary.  We  have  now  adjusted  the  line  of  collimation 
for  long  and  short  sights,  and  may  asBume  it  to,be  in  adjastment 
for  intermediate  ones,  since  the  bearinga  of  the  slides  are  supposed 
to  be  tme,  and  their  planes  parallel  to  each  other. 
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iknterinff  the  Eye-Piece.  This  is  to  enable  the  obeerrer  to  see 
the  intereection  of  the  cross-baira  precisely  in  the  center  of  the  field 
of  TieT  of  the  eye-piece.  It  ia  adjnsted  by  means  of  four  screws, 
tvo  of  which  are  shown  at  A  A. 

These  operations  are  performed  by  the  maker  so  permanently 
as  to  need  no  further  attention  from  the  engineer,  and  the  heads  of 
the  screws,  by  which  these  adjustments  are  made,  are  covered  by  a 
tbin  ring  which  protects  them  from  disturbance. 

S23.  Adjustment  by  setting  between  two  points,  or  the  "  Peg- 
Method."  Drive  two  pegs  several  hundred  feet  apart,  and  set  the 
instrument  midway  between  them.  Level,  and  sight  to  the  rod 
held  on  each  peg.  The  difference  of  the  readings  will  be  the  true 
difference  of  the  heights  of  the  pegs,  no  matter  how  much  the  level 
may  be  out  of  adjustment 

Then  set  the  level  over  one  peg,  and  sight  to  the  rod  at  tha 
other.  Measure  the  height  of  the  cross-hairs  above  the  first  peg. 
The  difference  of  this  and  the  reading  on  the  rod  should  equal  the 
difference  of  the  heights  of  the  two  points,  as  previously  deter- 
mined. If  it  does  not,  set  the  target  to  the  snm  or  difference  of 
the  height  of  the  cross-hairs  above  the  first  peg,  and  the  tme  dif- 
ference of  height  of  the  points,  according  ae  the  first  point  is  higher 
or  lower  than  the  second,  and  bold  the  rod  on  the  second  point 
Sight  to  it,  and  raise  or  lower  one  end  of  the  bnbble-tnbe  until  the 
horizontal  cross-hair  does  bisect  the  target  when  the  babble  is  in 
the  center.     Then  perform  the  "third  adjustment." 

Instead  of  setting  over  one  peg,  it  is  generally  more  convenient 


to  set  near  to  it,  and  si^ht  to  a  rod  held  on  it,  and  nse  this  Eeading 
instead  of  the  measured  height  of  the  cross-baira. 
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N.  B. — This  reriflcatiou  ahoald  always  be  need  for  every  lerel, 
erea  after  the  three  nsual  adjoBtmenta  hare  been  made  ;  for  it  ia 
independent  of  the  equality  of  the  collara. 

In  running  a  long  line  of  levels,  let  the  last  sight  at  night  be 
taken  midway  between  the  last  two  "  turning-point "  pegs,  and  in 
the  moraing  try  their  difference  by  setting  dose  to  the  last  one. 
This  tests  the  level  every  day  with  very  little  extra  labor. 

SS4.  E^olt^i  LevsL  Id  this  level  the  babble-tube  is  not  con-, 
neoted  with  the  telescope.    It  ia  used  thus : 

Level  and  sight  as  usoaL    Then  turn  the  telescope  upside  down, 

end  for  end,  and  half-way  around  horizontally,  and  sight  again. 

Half  the  sum  of  the  two  readings  is  the  correct  one,  no  matter  how 

much  the  instrument  is  out  of  adjustment  (assuming  the  collars  to 

„     ._  be  of    equal  size)  ;  for 

Fib.  871.  ^  '  ' 

the   errors    then  cancel 

each  other.     This  is  the 

one  used  principally  in 

France. 

The  rod  used  with  it 

is  marked  with  numbers 

only  half  the  real  heights 

above  its  bottom.    Then 

the  sum  of  the  readings  is  the  true  one.      Thus  the  rod  itself 

tekes  the  mean  of  the  readings. 


585.  Tnniphton'a  LeraL  In  this  the  bubble  -  tube  is  perma- 
nently fastened  in  the  top  of  the  telescope-tnbe.  It  ia  adjusted  by 
the  "  peg  method,"  or  some  similar  one,  the  crose-hair  being  moved 
up  or  down  nntil  the  observation  gives  the  true  difference  of  height 
of  the  pegs  when  the  bubble  is  in  the  center.  Then  make  the 
*' third  adjuatment,"  by  means  of  the  screws  under  the  telescope. 
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586.  Oravatt's  Lenl,  or  Uu  "Dumpy  Levei"  This  level  has  a 
Tery  large  telescope  tube  and  object  glass,  thus  giving  more  light. 

The  bubble  tube  is  on  top 
Fin.  sja.  *^ 

of  the  telescope,  and  the 
bubble  can  be  seen  by  the 
observer  in  a  small  in- 
clined mirror.  There  is 
also  a  cross  level,  shown  at 
tlio  right-hand  end  of  the 
longitudinal  bubble  tube, 
which  enables  the  instru- 
ment to  be  leveled  with- 
out turning  the  telescope 
through  a  quarter  revolu- 
tion several  times  to  make  sure  that  the  instrument  is  properly 
leveled.  Although  originally  made  without  Ya,  as  shown  in  the 
figure,  it  is  now  also 
made  with  Ys. 


Fio.  87*. 


587.  Lenoir-i  Ler- 
eL  In  this  the  tele- 
scope carries,  at  each 
end,  a  steel  block, 
whose  upper  and  low- 
er faces  are  made  per- 
fectly parallel.  They 
are  placed  on  a  brass  circle,  which  is  made  level  by  reversing  a  level 
placed  upon  the  upper  surface  of  the  steel  blocks. 


628.  Tripods.  These  consist  of  three  legs,  shod  with  iron,  and 
connected  by  joints  at  the  top.  The  moat  common  form  is  given 
in  Fig.  367.  Other  forms  are  given  in  Art.  176.  Lightness  and 
stiffness  are  the  desired  qualities. 

In  Gurley's  erAension  tripod.  Fig.  374',  an  adjustable  piece  is 
held  in  any  desired  position  by  two  clamp  screws,  shown  on  the 
legs.     The  figure  shows  each  of  the  three  legs  of  different  lengths. 

"Quick-leveling"  tripod-heads,  for  quickly  setting  the  leveling- 
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plates  nearly  level,  are  made  of  varioua  patteroB.     Ourlej's  attacb- 
meut  for  tliia  purpose  is  given  below.     The  arrangement  of  this 
attachment  will  be  readily  understood  by 
inspection  of  the  cut  *^*-  *"'■ 

To  use  the  quick -leveling  attachment, 
screw  the  instrument  on  the  tripod  as 
usual ;  if  not  nearly  level,  unscrew  the 
leveling-head  a  very  little — a  bare  loosen- 
ing of  the  screw  is  sufficient.  The  instru- 
ment will  then  be  free  to  move  upon  the 
spherical  surfaces,  A,  B,  C,  in  any  direc- 
tion required  to  bring  the  plates  approxi- 
mately level,  and  will  be  held  in  this  po- 
sition by  the  friction  of  the  same  surfaces. 

Now  screw  the  head  fast  again,  firmly 
clamping  the  whole  instrument  to  the 
tripod.  The  final  adjustment  of  the 
levels  is  then  completed  by  the  use  of 
the  leveling  screws. 

The  friction  of  the  spherical  sur- 
faces may  be  increased  or  diminished  at 
will,  by  turning  the  screws  (D)  which  compress  the  spiral-springs. 

The  cut  shows  the  Quick-Leveling  Attachment  as  screwed  fast 
to  a  tripod  of  any  pattern  now 
in  use. 


Fin.  S74". 


629.  Rodi.  These  should 
be  made  of  light,  well -season  eel 
wood.  To  detect  whether  the 
rod  leans  to  or  from  the  in- 
strument, its  front  may  be 
angular  or  curved.     If  angu- 

^^  lar,  when  held  leaning  toward 

the  instrument,  the  lines  of 
division  will  appear  as  in  Fig.  375.  When  leaning  from  the  in- 
strument, they  will  iippear  as  in  Fig.  376.  They  are  usually  divided 
to  feet,  tenths,  and  hundreths. 
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A  rod  level,  made  by  Gurley,  for  plumbing  the  rod,  is  shown  in 
Fig.  370'.  On  the  Irft  the  level  is  shown  folded  for  carrying,  and 
on  the  right,  attached  to  the  rod. 

Fta.  316'. 


630.  Target.  This  is  a  plate  of  iron  or  brass,  attached  to  the 
rod  in  such  a  way  that  it  may  be  moved  up  and  down  the  rod  and 
clam[)ed  in  any  position.  Some  of  the  many  varieties  of  marking 
are  given  in  Figs.  3T7-385, 

Fio.  377.  Fio.  378.  Fio.  370. 


Those  represented  in  Figs.  377,  378,  and  379  are  bad,  because 
the  cross-hiiir  may  be  above  or  below  the  middle  of  the  target  by 
its  full  thickness,  as  magnified  by  the  eye-pieoo  of  the  telescope 
without  the  error  being  perceptible.     The  next  three.  Figs.  380. 
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881,  and  382,  depend  upon  the  nicety  with  which  the  eye  can  de- 
termine if  a  line  bisects  an  angle.  Fig.  383  depends  npon  the 
accuracy  with  which  the  ^,^  ,,,  ^^^^^^  ^^^^ 

eye  can  bieect  a  space. 
Fig.  3S4  depends  npoa 
the  accuracy  with  which 
the  eye  can  biseot  a 
circle.  Figs.  381,  382, 
and  385  are  the  best 
forms  for  use.  Bed  and 
white  are  the  best  col- 
ors. 

S31.  Tnnier.  The 
target  carries  a  vernier, 
by  which  smaller  spaces 
may  be  measured  than 
those  into  wfaicQ  the 
rod  is  divided.  It  may 
be  placed  on  the  side  of 
an  aperture,  in  the  face 
of  the  target,  through 
which  the  divisions  on 
the  rod  oan  be  seen,  or 
carried  on  the  back  or 
side  of  the  rod  by  the 
target-olamp. 

53S.  The  How  Toik 

Eod  (Fig.  386).  This 
is  usually  in  two  pieces, 
sliding  one  npon  the 
other,  and  connected  by 
a  tongue.  It  is  gradu- 
ated to  tenths  and  hun- 
dredths of  a  foot,  and 
oan  be  read  to  thoosandths  by  the  vernier.     Up  to  six  feet  and  » 
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half  the  target  ia  used  as  on  other  rods.    For  greater  heights,  the 

target  is  fiied  at  six  and  a  half  feet,  and  the  back  part  of  the  rod, 

which  carries  the  target,  is  shoved  up  (Fig.  386)  nntil  the  target  is 

bisected  by  the  crosB-hairs.      Its   height  is  thea  read  off  on   the 

aide  of  the  rod,  on  which  the   nnmbers  run  downward,  and  on 

fta.  SBS       '^^^'^^  i«  »  second  vernier,  which   gives  the  precise 

reading.     It  is  convenient  for  its  portability,  bnt  apt 

to  be  too  tight  or  too  loose,  as  the  weaiher  is  moiat 

or  dry.     Sometimes  it  is  in  three  pieces,  as  in  Fig. 

387. 

fi33.  The  Bort^  Bod  (Pig.  S88).  This  is  nsoallj 
in  two  parte,  like  the  New  York  rod.  The  target  ia 
rectangnlar,  and  is  fastened  to  one  of  the  pieces  near 
its  extremity.  For  heights  less  than  six  feet,  the  rod 
is  held  with  the  target-end  down,  and  the  target  is 
moTed  np  by  sliding  op  the  piece  which  carries  it. 
For  heights  above  six  feet,  the  rod  is  tnmed  end  for 
end,  bringing  the  target-end  np,  and  then  sliding  np 
the  piece  which  carries  the  target 

531  The  FhiladelphU  Bod  (Fig.  389).  This  is 
in  two  parts,  held  together  by  brass  clamps,  and  is 
fnmished  with  a  target.  It  is  graduated  and  painted 
BO  as  to  be  nsed  ss  a  "speaking-rod,"  or  with  a  tar- 
get. When  the  target  is  used,  the  vernier  on  the 
target  is  read  for  height  np  to  seven  feet  For 
greater  heights,  the  target  is  ciatnped  at  seven  feet, 
and  the  part  to  which  the  target  is  clamped  is  slid 
np,  and  the  vernier  on  the  npper  clamp  is  used. 

535.  Speaking-Bodt.  These  are  rods  which  are 
read  without  targets,  the  divisions  and  subdivisions 
being  painted  on  the  face  of  the  rod.  They  prodnce 
great  saving  of  time  and  increase  of  accuracy. 

In  one  form  (Fig.  300)  the  face  of  the  rod  is  di- 
vided into  tenths  of  feet,  and  smaller  divisions  estimated. 
In  Bonrdaloue's  rod  the  divisions  are  esoh  four  centimetreB 
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(1*6  iDoli),  aod  are  numbered  at 

them  as  in  Fig.  391. 

-,  ,,,  D  J        Fia.  890. 

Oravall'a  Sod 
(Kg.  398).  This  is 
divided  to  0-01  foot 
The  Dpper  hundredth 
of  each  tenth  extends 
across  the  rod.  Each 
half-tenth  is  marked 
by  a  dot ;  each  half- 
foot  bj  two  dote. 
Every  other  tenth  is 
nnmbered,  and  the 
nambers  are  each  0*1 
high.  It  i.s  in  three 
parts,  which  slide  into 
each  other  like  a  tele- 
scope. 

Barlow's  Rod  (Fig. 
393).  In  this  the  di- 
▼isions  are  marked  by  triangles, 


half  their  valae.     He  arraogei 
Flo.  8»l  Fin.  sm. 


= 

i  • 

:: 

-  a 

■  i 
i  ■ 

= 

= 

^^ 

^2 

^ 

each  O'OS  foot  high,  bo  that  it 
reads  to  hundredths,  and  less 
by  estimation.  This  is  based 
on  the  power  the  eye  has  in  bi- 
secting angles. 

Stephenson's  Rod  (Fig.  394). 
This  is  based  upon  the  princi- 
ple of  the  diagonal  scale.  Each 
t«nth  is  bisected  by  a  horizon- 
tal line,  and  the  diagonals  en- 
able the  observer  to  read  to 
hundredths. 

Conyhear^s  Rod  (Pig.  395). 
It  reads  to  hundredths  of  a 
foot  by  means  of  the  cross-hair 
bisecting  the  tops  and  bottoms 
and  angles  of  hexagons.     Th? 
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odd  tenths  are  made  vhite  and  the  eTen  oces  blaok.    The  fignraa 
am  plooed  bo  that  their  centers  are  opposite  the  diTuions  tbej 
refer  to. 

PemlertoiCa  Rod  (Fig.  396). 
This  ia  on  the  principle  of  nine 
vemiere  placed  side  by  dde. 
It  reads  to  hundredths,  which 
are  given  by  counting  up  from 
the  dot  which  the  hair  bisects, 
to  the  dot  in  the  same  vertical 
line  which  is  bisected  by  one  of 
the  horizontal  lines  which  mark 
the  tenths.  The  inventor 
olaims  that  it  can  be  read  nine 
times  as  far  as  Gravatt's. 

On  all  speaking- rods,  to 
as  3  and  8,  thej  may  be  marked 


♦  ♦ 

i 


avoid  coafonnding  numbers,  such  a 
thus: 

1.3.m.4.V.6.7. 
The  French,  who  go  by  tenths. 


.  IX  .  X  .  11 .  xn. 

}  the  following : 
r  .  8  .  N  .  X. 
The  figures  are  eometiraes  placed  with  their  t^ps  on  a  level  with 

flie  tops  of  the  dtmensioDS  they  mark — e.  g.,  feet ;  and  aometimea 

with  their  middles  on  the  dividing  line. 

THE  PBACTICS. 

S96.  Field  Rovthte ;  or,  how  to  start  and  go  on ; 

1.  The  rodman  holds  the  rod  on  the  starting-point,  which  may 
be  a  peg,  a  door-sill,  or  other  "  bench-mark,"  He  stands  square 
hebiud  his  rod,  and  holds  it  as  nearly  vertical  as  poeeible. 

S.  The  leveler  sets  up  the  instrument,  somewhere  in  the  direc- 
tion in  which  he  ia  going,  but  not  necessarily,  or  usually,  in  tha 
precise  line.  He  then  levels  the  instrument  by  the  parallel  plate- 
screws,  sights  to  the  rod,  and  notes  the  reading,  whether  of  target 
or  speaking-rod,  as  a  "back-sight"  (B.  S.),  or  +  (pins)  sight; 
entering  it  in  the  proper  column  of  one  of  the  tabular  forms  of 
field-book,  given  in  the  following  articles. 


byGoogIc 


TBE  PSACTICB.  381 

8.  The  Todm&n  is  then  sent  ahead  abont  aa  far  as  he  vaa  be- 
hind, and  he  there  driveB  a  "  level>peg  "  nearly  to  the  surface  of 
the  ground,  or  finds  a  hard,  veil  defined  point,  and  holds  the  rod 
upon  it. 

4.  The  leveler  then  again  sights  to  the  rod,  and  notes  the  read- 
ing as  a  "fore-Bight"  (B'.  S.),  or  —  (minus)  sight.  The  difference 
of  the  two  readings  is  the  difference  of  the  heights  of  the  points. 

6.  He  then  takes  np  the  instniment,  goes  bejo'jd  the  rod,  an; 
convenient  distance,  sets  ap  again,  and  proceeds  as  in  paragraph  % ; 
and  so  on  for  any  nnmber  of  points,  which  will  form  a  series  of 
pairs.  The  suocessiTe  observations  of  each  pair  gire  their  differ- 
ence  of  heights,  and  the  combination  of  all  these  gives  the  differ- 
ence of  heights  of  the  first  and  last  points  of  the  series. 

6.  If  the  vertical  crosa-hair  be  strictly  vertical,  it  will  determine 
whether  the  rod  leans  to  the  right  or  left.  To  know  whether  the 
cross-hair  is  vertical  or  not,  try  whether  it  coincides  with  a  plnmb. 
line,  or  sight  to  some  fixed  point,  turn  the  telescope  from  side 
to  side  horizontally,  and  see  if  the  horizontal  cross-hwr  continues 
to  cover  the  spot.  If  it  does  not,  turn  the  telescope  around 
in  the  wyes  till  it  does  ;  then  it  is  truly  horizontal,  and  the  other 
hair,  being  perpendioalar  to  it,  is  truly  vertical.  To  know  whether 
the  rod  leans  forward  or  backward,  have  the  rodman  move  it  from 
and  to  himself.  If  the  line  bisected  by  the  cross-hair  descends  in 
both  motions,  the  rod  was  vertical ;  if  the  line  rises,  the  rod  wat 
leaning.     The  lowest  reading  is  the  true  one. 

7.  When  a  target  is  used,  signals  are  made  by  the  leveler  viCh 
the  hand,  "up "and  "down,"  to  indicate  in  which  direction  to 
more  the  target.  Drawing  the  hand  to  the  aide  signifies  "  stop," 
and  both  hands  brought  together  above  the  head  signifies  "all 
right."  The  rodman  should  move  the  target  fast  at  first,  and 
slowly  after  having  passed  the  right  point  When  signaled  "  all 
right,"  he  should  clamp  the  target  and  show  again.  Then  call  out 
the  reading  before  moving,  and  show  it  to  the  leveler,  as  either 
passes  the  other. 

8.  We  have- thus  far  supposed  that  only  the  difference  of  heighti 
of  the  two  extreme  points  is  desired.  But  when  a  section  or  profile 
si  the  ground  is  required,  the  rod  must  be  held  and  observed,  il 
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each  change  of  slope  of  the  gronnd,  or  at  regnlar  distances ;  nsa- 
ally,  for  railroad-work,  at  erery  hundred  feet,  and  aleo  at  any 
change  of  slope  between  those  points. 

Any  number  of  points,  within  sight,  may  have  their  relatire 
heights  determined  at  one  setting  of  the  leveL 

The  names  back-sight  (B.  S.)  and  fore-sight  (F.  S.)  do  not 
necessarily  mean  sights  taken  looking  forward  or  backward  (thongh 
they  are  generally  so  for  tarning-points),  but  the  first  sight  taken, 
after  setting  up  the  instrument,  is  a  B.  S.  or  -j-  (plus)  sight,  and  all 
following  ones,  taken  before  remoying  the  instrument,  are  F.  S.'s, 
or  —  (minus)  sights.  The  full  meaning  of  this  will  appear  in  con- 
sidering the  forms  of  field-hook. 

All  but  the  first  and  last  points  sighted  to  are  called  interme~ 
diate points,  or  "intermediates."  T)ie  last  point  sighted  to  before 
moving  the  instrument  is  called  a  turning-point,  or  changing- 
point. 

The  first  and  last  sights,  taken  at  any  one  setting  of  the  instro- 
ment,  require  the  greatest  possible  accuracy.  The  intermediate 
points  may  be  taken  only  to  the  nearest  tenth,  or  hundredth  ai 
most ;  because  any  error  in  them  will  not  affect  the  final  result^ 
but  only  the  height  of  that  single  point  at  which  it  was  taken. 

Two  rodmen  are  often  used  to  save  the  time  of  the  leveler. 
Then  it  is  well  to  nse  a  target-rod  for  the  "turning-points,"  which 
are  often  distant  and  need  most  precision,  and  a  speaking-rod  for 
the  intermediate  points.  Where  one  rod  is  used,  the  rodman 
should  keep  notes  of  the  readings  at  the  turning-points. 

637.  Field-Notei.  The  beginner  may  sketch  the  heights  and 
distances  measured,  in  a  profile  or  side  Tiew,  as  in  Fig.  397.  But 
when  the  ohserratioQs  are  numerous,  they  should  be  placed  in  one 
of  the  tabular  forms  given  on  the  following  pages. 

S38.  Tint  Form  of  Field-Book.  In  this,  the  names  of  the  points 
or  "  stations,"  whose  heights  are  demanded,  are  placed  in  the  first 
column,  and  their  heights,  as  finally  ascertained,  in  reference  to 
the  first  point,  in  the  last  column.  The  heights  above  the  starting- 
point  are  marked  -{-,  and  those  below  it  are  marked  — .    The  back- 
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Bight  to  any  gtation  ia  placed  on  the  line  below  the  point  to  which 
it  refers.     When  a  back-sight  exceeds  a  foie-Bigbt,  their  diSerenoe 


ia  placed  in  the  colnmn  of  "  Rise  "  ;  when  it  is  less,  their  difference 
is  a  "  Fall"  The  following  table  represents  the  Bame  observationa 
as  the  last  figure,  and  their  carefal  comparieon  will  explain  any 
obsonritjes  in  either : 


■TlTtDHI. 

«oS;, 

»;sss. 

H..,. 

«^ 

B^UM. 

A 

0-00 

B 

100 

2-00 

600 

—400 

-4-00 

0 

60 

8-00 

4-00 

-1-00 

-6-00 

D 

40 

2-00 

100 

+  1-00 

-4-00 

E 

TO 

6-00 

1-00 

+5-00 

+  1-00 

F 

ao 

S-00 

6-00 

—4-00 

-a-00 

16-00 

18-00 

—  3-00 

The  above  table  shows  that  B  is  4  feet  below  A ;  that  0  is  6 
feet  below  A  ;  that  E  ia  1  foot  above  A  ;  and  bo  on.  To  test  the 
calculations,  add  up  the  back-aigbts  and  fore-sighte.  The  differ- 
ence of  the  sums  should  equal  the  last  "total  height." 

An  objection  to  this  form  is  that  the  back-sights  come  on  the 
line  below  the  station  to  which  they  are  taken,  which  is  embarrass- 
ing to  a  beginner. 

When  "  intermediate "  observations  are  taken,  the  "  fore- 
sights" taken  to  these  intermediate  points  are  pnt  down  in  their 
proper  colamu,  and  are  also  set  down  in  the  column  of  "back- 
BJghta  "  :  so  that,  when  the  two  columns  are  added  up,  any  error  in 
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these  iotennediste  sights  (which  are  nsnally  not  taken  very  acca- 
rately)  will  be  canceled,  and  will  not  affect  the  final  resulL  The 
effect  is  the  same  as  if,  after  the  fore-sight  to  the  intermediate  point 
had  been  taken,  the  iDstrnment  had  been  taken  np  and  set  down 
again  at  precisely  the  same  height  as  before,  and  a  back-sight  had 
then  been  taken  to  the  same  point  Hence,  in  this  form,  the 
''  turning-points "  are  those  stations  which  hare  different  back- 
sighta  and  fore-sights,  while  those  which  have  them  the  same  are 
*'  intermediates."  , 

The  following  figure  and  table  represent  the  same  ground  as  the 


.. . 

FicSM. 
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I 

bJ 
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" 

kj 

K 

- 

preceding  one,  bnt  with  only  two  settings  of  the  instrument     D  is 
the  toming-point : 


„«,o«. 

i«„«™. 

nentt.  * 

ew™"- 

MOk 

PU4. 

H^am 

A 

0-00 

B 

3-00 

600 

4-00 

-4-00 

C 

A-00 

7-00 

100 

—6-00 

D 

7-00 

6-00 

1-00 

-4-00 

E 

3-00 

4-00 

6-00 

-l-l-OO 

F 

4-00 
-l-28'OO 

8-110 

4-00 
800 

-3-00 

—81-00 

In  leveling  for  "seotiona,"  the  distances  between  the  points 
loToled  must  be  recorded.  They  are  nsnally  put  down  after  the 
stations  to  which  they  are  measured  ;  although  in  surveying  with 
the  compass,  etc.,  they  are  put  down  after  the  stations /rom  which 
they  are  measured.     In  the  following  notes,  which  contain  inter- 
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mediate  Btatione,  the;  are  pat  down  hefore  the  atatioDB  to  which 
they  are  meaeured.  It  shonld  be  remembered  that  these  distances 
are  measured  between  the  points  at  which  the  rod  is  held,  and  have 
no  reference  to  the  points  at  which  the  instrument  is  set  np: 


«„«.«. 

„.T,OH.. 

■iCK- 

TOM- 

««. 

»u., 

olt^'Hn. 

aeo 

91-897 

100 

261 

4-676 

8-728 

0-860 

92-247 

100 

26a 

S'420 

4-SOD 

0-920 

98-167 

100 

268 

4-500 

1-880 

94-487 

40 

268-40 

4-fllO 

4-986 

0028 

94-469 

60 

261 

4-B88 

6-8B6 

1-448 

98-021 

100 

26S 

3-380 

4-840 

1-2S0 

91-761 

100 

266 

4-640 

6-400 

0-760 

91-001 

70 

S66'T0 

2-760 

8-070 

0-810 

90-691 

80 

267 

8070 

8-750 

0-680 

90-011 

100 

268 

e-TBO 

5-925 

8-175 
-4-561 

8fl-S88 

41-944 

46-GOS 

41-944 

+  91-897 

-4-561 

86'886 

SS9.  Seoond  Form  of  Field-Book.  This  is  presented  below.  It 
refers  to  the  same  stations  and  levels  noted  in  the  Qnt  table,  and 
sbowu  in  Fig.  397: 


■*ai- 

E»»Ht  OP 

»OM- 

TOTII. 

nSHTS. 

iBOT«  DATUa. 

«OHT.. 

HKOHW. 

A 

000 

B 

100 

2-00 

+  2-00 

6-00 

—4-00 

0 

60 

8-00 

—  100 

4-00 

-6-00 

D 

40 

2-00 

-8-00 

1-00 

-4-00 

E 

70 

6-00 

+  2-0O 

1-00 

+1-00 

F 

60 

2-00 

+  8-00 

6-00 

—8-00 

16-00 

1800 

-300 

In  the  preceding  form  it  will  be  seen  that  a  new  column  is  in- 
troduced, contiuning  the  height  of  the  instrument — i.  e.,  of  its  line 
of  sight — not  above  the  ground  where  it  stands,  but  above  the 
Datum,  or  starting-point,  of  the  levels.  The  former  coInmnB  of 
"rise"  and  "fall**  are  omitted.  The  preceding  notes  are  taken 
thus  :  The  height  of  the  starting-point,  or  "  datum,"  at  A,  is  0-OOl 
The  instrument  being  set  up  and  leveled,  the  rod  is  held  at  A. 
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The  back-sight  upon  it  is  3'00 ;  therefore  the  height  ot  the  instrn. 
ment  is  also  3-00.  TJie  rod  is  next  held  at  B.  The  fore-sight  to 
it  is  6*00.  That  point  is  therefore  6-00  below  the  instrument,  or 
2-00  —  e-Oi)  =  —  4-00  below  the  datum.  The  instrument  is  now 
moved,  and  again  set  up,  and  the  back-sight  to  B,  being  3*00,  the 
height  of  the  instrument  is  — 4'00  +  3'00=  —  I'OO,  and  so  on  ; 
the  height  of  the  instrument  being  always  obtained  by  adding  the 
back-aight  to  the  height  of  the  peg  on  which  the  rod  is  held,  and 
the  height  of  the  next  peg  being  obtained  by  Gubtracting  the  fore- 
sight to  the  rod  held  on  that  peg,  from  the  height  of  the  instrument. 

This  form  is  better  than  the  first  form,  in  leveling  for  a  section 
of  the  ground  to  make  a  profile ;  or  when  several  observations  are 
to  be  made  at  one  setting  of  the  level ;  or  when  points  of  desired 
heights  are  to  be  established,  as  in  "leveling-location." 

This  form  may  be  modified  by  putting  the  hack-sights  on  the 
same  line  with  the  stations  to  which  they  are  taken.  This  avoids 
the  defect  of  the  first  form,  but  introduces  the  new  defect  of  writ- 
ing them  down  after  the  number  which  they  precede,  in  a  back- 
banded  way,  which  may  be  a  source  of  error. 

This  modification  is  shown  in  the  following  table,  which  cor- 
responds to  Fig.  398.  In  the  column  of  fore-sights,  the  "turn- 
ing-points" (T.  P.),  and  "intermediate  points"  (Int.),  are  put  in 
separate  columns  ;  so  that,  to  prove  the  work,  the  difference  of  the 
sum  of  the  back-sights  and  of  the  sum  of  the  tui'ning-point  fore- 
sights, is  the  number  which  should  equal  the  difference  of  the 
heights  of  the  first  and  last  points  : 


„..»-.. 

.....c^. 

.t^^u 

HBIOHT  0» 

«.»-«a>T,.  _ 

hSIS.. 

IP. 

n.T. 

A 
B 

0 
D 

E 
F 

2-00 
fl-00 

-1-2-00 
-hSOO 

6-00 
8-00 

6-00 
7-00 

4-00 

0-00 
-4-00 
-5-00 
—4-00 
+1-00 
-8-00 

-m-00 

-14-00 
-I- 11-00 

-300 
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When  aline  is  divided  up  into  Btations  of  100  feet  each,  as  on 
railroad -work,  the  number  of  the  station  indicates  its  distance  from 
the  sturting-poiiit  When  an  observation  is  taken  at  a  point  be- 
tween these  hundred-feet  stations,  it  is  noted  as  a  decimal,  thus : 
Station  -l-eo  is  4C0  feet  from  the  startiug-poiiiL  In  the  field-notes 
of  such  work,  the  column  of  distances  may  bo  omittod.  The  turn- 
ing-pointa  and  Intermediate  stations  of  the  foresights  may  be  phiced 
in  the  samo  column.  In  the  following  table  the  column  of  stations 
indicates  the  distances  of  the  stations  from  the  starting-point,  and 
the  foresights  arc  placed  in  one  column.  The  heights  and  dis- 
tances are  the  same  as  in  the  last  table  in  Article  538.  This  form  of 
field-book  is  much  used. 


„.o,. 

^^.^^ 

05-078 

xox..^^™. 

260 

4' 570 

01-307 

261 

5-420 

07-667 

3' 726 

02-247 

862 

4-500 

03-167 

263 

4-810 

00-407 

8-170 

04-407 

288-40 

94-469 

364 

8-880 

06-401 

6-386 

93  021 

265 

4-640 

Ol-T«l 

266 

2-760 

93-761 

5-400 

91-001 

266-70 

8-070 

90-691 

267 

3^750 

90-011 

268 

6-B25 

86-886 

840.  Third  Form  of  Field-Book.  In  this  the  back-sights  are 
placed  directly  under  the  height  of  the  station  to  which  they  are 
taken,  which  lessens  the  chance  of  making  mistakes  in  adding  to 
get  the  height  of  instrument  The  height  of  instrument  is  distin- 
guished by  being  included  between  two  horizontal  lines.  The  fol- 
lowing table  refers  to  the  same  ground  as  the  preceding  one  : 
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■T*TTOjr>. 

«.«..,.HT.. 

HIIOHT*. 

9S0 
SSI 

aes 

268 

+40 
2M 

366 
366 

+70 
SST 
268 

8-728 

4-600 
8-170 

4-986 
6-886 

4840 
6-400 

8-070 

8'760 
6926 

91 -397 

4-676 

95-978 

^"  92-247 

6-420 

97-667 

98-167 
94-497 
4-910 

99-407 

94-469 

.    98-021 

8-880 

96-401 

91-761 
91001 
a-760 

93-761 

90-691 
90-011 
86-836 

S41.  Belt  Lengtli  of  Blglita.  There  axe  two  classee  of  inaocu- 
Taciea.  With  very  long  eights,  the  errore  of  imperfect  adjustment 
and  cnrratiire  are  greatest ;  tbe  former  varying  as  the  length,  an^ 
the  latter  aa  the  square  of  the  length.  With  very  short  sights,  and 
therefore  more  nameroaa,  the  errors  of  inaccurate  sighting  at  the 
target  are  greatest.  The  beat  usual  mean  is  from  300  feet  to  30C 
feet,  or  more  if  equal  distances  for  hack-sigbta  and  fore-sigbta  to 
turning-points  can  be  obtained. 

642.  Equal  Distance!  of  Sight.  They  are  always  very  desirable. 
They  are  most  easily  determined,  when  no  stakes  have  been  pre- 
viously set,  by  "  stadia "  cross-hairs  in  the  telescope  of  tbe  level. 

643.  Datnm-LereL  This  is  tbe  plane  of  reference,  from  which, 
above  it  or  below  it,  usually  the  former,  the  heights  of  all  points  of 
the  lioe  are  reckoned. 
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It  ma;  be  taken  as  the  height  of  the  Btarting-iwint.  It  the  line 
descendB,  it  is  better  to  call  the  starting-poiDt  10  feet  or  100  feet 
above  some  imagiDary  plane,  bo  that  points  below  the  starting- 
point  may  not  have  roinns-eigns. 

It  is  desirable  to  refer  all  levels  in  a  country  to  some  one  datnm. 
This  is  usually  the  surface  of  the  sea,  and,  for  general  pnrposeSj 
mean  tide  is  best.  Low-water  mark  should  be  the  datum  vheD  the 
levelings  are  conneoted  with  harbor-surveys,  whose  souDdings  al- 
ways refer  to  low  water.  Bigh-water  mark  should  be  used  when 
the  levelings  relate  to  the  draioage  of  a  country. 

044.  Benoh-lCarka  (B.  TL),  These  are  permanent  objects,  nat- 
aral  or  artificial,  whose  heighto  above  the  datum  are  determined 
and  recorded  for  future  reference. 

Qood  otgects  are  these :  Pointed  tops  of  rocks,  tops  of  milo 
stones,  stone  door-sills,  tops  of  gate-posts  or  hinges,  and  generally 
any  object  not  easily  disturbed,  and  easily  described  and  fonod. 

A  knob  made  on  the  spreading  root 
of  a  tree  is  good.  A  nail  may  be 
driven  in  it,  and  the  tree  "Mazed" 
and  marked,  as  in  Fig.  399.  A  stake 
will  do  till  frost. 

BeDCb-marks  should  be  made  near 
the  starting-point  of  a  line  of  levels ; 
near  where  the  line  crosses  a  road  ;  on 
each  side  of  a  river  crossed  by  it ;   at  the  top  and  bottom  of  any 
high  hill  passed  over  ;  and  always  at  every  half-mile  or  mile. 

The  precise  location  and  description  of  every  bench-mark  should 
be  noted  very  fully  and  precisely,  and  in  such  a  way  that  an  entire 
stranger  conld  find  it,  with  the  aid  of  the  notes, 

646.  Cbeck-leTeli,  or  Tert-Lereli,  No  singlt  set  of  levels  is  to 
be  trusted  ;  but  they  mnst  be  tested  by  another  set,  run  between 
the  bench-marks  (B.  M.'s),  though  not  necessarily  over  the  same 
gronnd. 

A  set  of  levels  will  verify  themselves  if  they  come  around  to  the 
starting-poiut  again. 


Fio.  ssa. 
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046.  Limltt  of  Freoiaion.  Errors  and  inaocnmcies  sboald  be 
carefully  distingaished.  For  the  ktt«r,  everv  leveler  must  make  a 
standard  for  himself,  so  aa  io  be  able,  in  testing  his  work,  to  dis- 
tingnisb  any  real  error  from  his  ustial  inaccuracy. 

The  result  of  four  sets  of  levelings,  in  France,  of  from  45  to  140 
miles,  averaged  a  difference  of  -^  toot  in  43  miles,  and  the  greatest 
error  was  J  foot  in  66  miles. 

A  French  leveler,  M.  Bourdaloue,  contracted  to  level  the  bench- 
marks of  a  railroad  surre;  to  within  0-003  foot  per  mile,  or  ^  foot 
per  KO  miles. 

In  Scotiaod,  the  difference  of  two  sets  of  levels  of  26  miles  was 
0-OS  foot 

647.  Tilal-LeT«l%  or  Flying-Lereli.  Their  object  is  to  get  a 
general  approximate  idea  of  the  comparative  heights  of  a  portion 
of  the  country,  as  a  guide  in  choosing  lines  to  be  leveled  more  ac- 
curately. More  rapidity  is  required,  and  less  precision  is  necessary. 
The  distances  may  be  measured  at  the  same  time  by  stadia-haira. 

648.  Lereliag  fi>r  8«etioiu.  The  object  of  this  is  to  measure  all 
the  ascents  and  descents  of  the  line,  and  the  distAnces  between  the 
points  at  which  the  slope  changes  ;  so  that  a  section  or  profile  of  it 
can  be  made  ^m  the  observations  taken. 

The  line  of  a  railroad  is  usually  set  out  by  a  party  with  compass 
or  transit,  who  drive  at  every  hundred  feet  a  large  stake  with  the 
number  of  the  station  on  it,  and  beside  it  a  small  level-peg,  even 
with  the  sorface  of  the  ground.  On  this  the  rod  is  held  for  the 
obBervations.  The  level-peg  is  set  in  "  line,"  and  the  large  stake  a 
foot  or  two  to  one  side. 

649.  Profllef.  A  profile  is  a  section  of  ground  by  a  vertical 
plane  or  cylindrical  surface,*  passing  through  the  line  along  which 
a  profile  is  desired.  It  represents  to  any  desired  scale  the  heights 
and  distances  of  the  various  points  of  a  line,  its  ascents  and  de- 
scents, as  seen  in  a  side  view.     It  is  made  thus  :  Any  point  on  the 

•  A  ^ilndrioil  aurfsoe  is  here  understrxKi  to  mean  that  formed  by  a  line  moving 
puallel  to  Itself  along  or;  line,  InMcaJ  of  orAy  a  circle,  u  in  eleraentarjr  gtometir- 
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papor  being  asBQined  for  the  first  sUtion,  a  horizontal  line  is  dravn 
through  it ;  the  distance  to  the  next  station  is  meaenred  along  it, 
to  the  required  scale  ;  at  the  termination  of  thia  dietanoe  a  vertical 
line  is  drawn  ;  and  the  giren  height  of  the  second  station  above  or 
below  the  Qrst  is  set  oS  on  this  vertical  line.  Tbe  point  thus  fixed 
determines  the  second  station,  and  a  line  joining  it  to  the  first  sta- 
tion represents  the  slope  of  the  groand  between  the  two.  The  pro- 
cess is  repeated  for  the  next  station,  etc. 

But  the  rises  and  falls  of  a  line  are  always  very  gmall  in  pnpoi^ 
tioa  to  the  distances  passed  over,  even  monntains  being  merely  as 
the  roughnesses  of  the  rind  of  an  orange.  If  the  distances  and  the 
heights  were  represented  on  a  profile  to  the  same  scale,  tbe  latter 
would  be  hardi;  visible.  To  make  them  more  apparent,  it  is  usual 
to  "  exaggerate  tbe  vertical  scale  "  tenfold,  or  more — i.  e.,  to  make 
the  representation  of  a  foot  of  height  ten  times  as  great  as  that  of  a 
foot  of  length,  as  in  Fig.  397,  in  which  one  inch  represents  one 
handred  feet  for  the  distances,  and  ten  feet  for  the  heights. 

In  practice,  engraved  profile-paper  is  general!;  used,  which  is 
ruled  in  squares  or  rectangles,  to  which  any  arbitrary  valnes  may 
be  aasigned. 

When  the  line  leveled  over  is  not  straight,  tbe  profile,  whose 
length  is  that  of  the  line  straightened  out,  will  extend  beyond  the 
"plan"  when  both  are  on  the  same  sheet 

650;  Cross-Ler^  These  show  the  heights  of  the  ground  on  a 
line  at  right  angles  to  the  main  line.     Thej  give  "  cross-seotiona  " 


^  it.     In  the  note-book  they  are  put  on  the  right-hand  page. 
They  may  be  taken  at  the  same  time  with  the  other  levels,  or  ind» 
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pendentl;.  In  taking  cross-leTels  where  the  elopes  are  qaite  steeps 
tts  ID  monntaiii  districts,  frequent  settings  of  the  instrumest  are 
□ecessarj. 

A  much  more  rapid  method  is  b;  the  a»  of  "crose-s^ion 
rods."  These  are  two  rods,  one  of  which  is  about  ten  or  twelve 
feet  long,  provided  with  a  babble-tube  near  each  eod,  so  as  to  be 
held  level,  aod  graduated  to  feet,  tenths,  and  hundredtha  The 
other  is  simply  a  graduated  rod.  The  maimer  of  using  them  is 
shown  in  Fig.  400. 

A  slope-level  is  sometimes  used.     (See.  "Angular  Surveying.") 


DIF7ICULTIX8. 

661.  Steep  Slopes.  In  descending  or  ascending  a  fail],  the  in- 
Btrument  and  the  rod  should  be  so  placed  that  the  sight  should 
strike  as  near  as  possible  to  the  bottom  of  the  rod  on  the  np-hill 
side,  and  the  top  of  the  rod  on  the  down-hill  side. 

Try  this  by  leveling  over  two  screws,  setting  the  instrument  bo 
that  one  pair  of  opposite  p1at«-BcrewB  shall  point  in  the  direction  of 
the  linCj  but  do  not  be  too  particular;  it  is  a  waste  of  time. 

Doing  this  produces  sights  of  unequal  length.  The  rod  being 
about  three  times  as  high  as  the  instrument,  the  down-hill  sights 
will  be  about  double  the  length  of  the  np-hill  ones,  as  shown  in 
Fig.  401.    Then  set  to  one  side  of  the  line.    This  is  necessary  on 


Vw^WL 


alopea  to  steep  that  the  rod  is  too  near  the  level  to  be  read.  If  this 
he  impossible,  keep  notes  of  the  lengths  of  the  sights  to  the  tnm- 
ing-pointSj  backward  and  forward,  and  as  soon  as  possible  take 
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Bights  aueqnol  in  the  contrary  direction  till  tbe  differeooeB  of 
lengths  balance  the  former  ones.  When  approaching  a  long  ascent 
or  deBcent,  make  tliese  compensations  in  advance. 

Id  leveling  over  a  lioe  of  stakes  already  set,  as  on  a  railroad,  at 
every  100  feet,  if  the  line  of  sight  strikes  not  qnite  up  to  one,  drive 
ft  peg  as  high  as  yuu  can  see  it,  and  make  it  a  turning-point,  noting 
it  "peg"  in  the  lield-book. 

In  leveling  across  a  hill  or  hollow,  instead  of  setting  the  instm- 


Fia.  402. 


ment  on  tbe  top  of  the  bill  or  bottom  of  the  hollow,  time  will  be 
saved  by  the  method  represented  in  Figs.  403  end  403. 

Fio.  108. 


6SS.  When  the  rod  is  a  little  too  low,  raise  it  alongside  of  a 
stake,  or  the  body,  and  put  the  top  of  the  rod  "right";  then  meas- 
ure down  from  the  bottom  of  the  rod,  and  add  it  to  its  length. 

653.  When  the  rod  is  a  little  too  high,  so  that  tbe  line  of  sight 
strikes  the  peg  below  the  bottom  of  the  rod,  measure  down  from 
tbe  top  of  the  peg,  and  put  down  the  sight  with  a  contrary  sign  to 
what  it  would  have  had — i.  e.,  if  a  back-sight  make  it  minuB,  and 
if  a  fore-sight  make  it  pins. 
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664.  When  the  rod  is  too  near.  When  no  fif^nre  is  visible,  nuBe 
the  rod  slowly  till  s  Rji^re  comes  in  sight.  If  too  near  to  read, 
and  there  is  no  target,  use  a  ticld-book  us  target.  If  the  ioBtrn- 
ment  is  exactly  over  the  peg,  measure  up  to  the  height  of  the  ctobs- 
hairs,  as  given  by  the  side-screvs. 

666.  Watih.  a. — A  pond  too  wide  to  he  sighted  across.  Drive 
a  peg  to  the  level  of  the  water,  on  the  first  side,  and  observe  its 
height,  as  an  F.  S.  Then  drive  a  peg  on  the  other  side  of  the 
pond,  also  to  the  surface  of  the  water.     Hold  the  rod  on  it     Set 

FiS.  404. 


op  the  level  beyond  it,  and  sight  to  it  as  a  B.  S.,  and  pat  down 
the  observation  as  if  it  had  been  taken  to  the  first  peg. 


roBE-eioHTa. 

74 

74-89  1 
81-89  { 

50-00 
48-00 

_.».»«. 

• 

60 

3-00 
6-CK) 

68-00 
6400 

There  mnHt  be  no  wind  in  the  direction  of  the  lino  of  level. 

B. — For  leveling  across  a  running  stream.  Set  the  two  pegs  in 
a  line  at  right  angles  to  the  current,  although  the  line  to  be  leveled 
may  cross  it  obliquely. 

If  a  profile  or  section  of  the  gronnd  tinder  the  wator  be  re- 
quired, find  the  height  of  the  surface,  and  measure  the  depths  be- 
low this  at  a  sufficient  number  of  points,  measuring  the  distances 
also,  and  put  these  depths  down  as  fore-sights. 

S66.  A  Swamp,  or  Hanh.  This  can  not  be  treated  like  a  poud, 
for  the  water  may  seem  nearly  stagnnnt  wliile  its  surfnce  has  con- 
siderable slope,  its  flow  being  retarded  by  vepotation.  If  only 
slightly  "shaky,"  have  an  observer  at  each  end  of  the  level.     If 
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more  bo,  pnsh  the  legs  down  as  far  as  they  will  go,  and  let  both 
observers  lie  down  on  their  Bides.  If  still  more  "shaky,"  drive 
three  stakes  or  piles,  to  support  the  legs  of  the  tripod,  and  stand 
the  tripod  on  them. 

A  water-level  will  level  itself.  Use  that  for  intermediate  points 
on  the  swamp,  and  test  the  resalt  by  leveling  around  the  swamp 
with  the  spirit-level. 

557.  ITnderwood.  If  it  can  not  be  cut  away,  set  the  instmment 
on  some  eminence,  natnral  or  artificial. 

558.  Board  Fence.  Ran  a  knife-blade  through  one  of  the 
boards,  and  hold  the  rod  upon  it  on  each  side  of  the  fence,  as  if  it 
were  a  peg,  keeping  the  blade  in  the  same  horizontal  position  while 
the  rod  and  instmment  are  taken  over. 

566.  A  WaU.  First  Method.  Drive  a  peg  at  the  bottom  of 
the  wail,  on  the  first  side,  and  observe  on  it.  Measnre  the  height 
of  the  wall  above  the  peg,  and  put  this  down  as  a  B.  S.  Drive 
another  peg  on  the  other  side  of  the  wall ;  measore  down  to  it 
from  the  top  of  the  wall,  and  put  that  down  as  an  F.  S.,  just  as  it 
the  level  had  been  set  in  the  air  at  the  height  of  the  top  of  the 


wall,  and  this  B.  S.  and  F.  S.  bad  been  really  taken.  Set  up  the 
instrnment  beyond  the  wall,  take  a  B.  S.  to  this  peg,  and  go  on  aa 
usual. 


«.«.«««. 

^.ru.m. 

«<I«RT.. 

BACK-BISRTB. 

9 

8-00 
12-00 
1-00 

BO 
Peg. 

74-00 

76-00 
77-00 
78-00 

6-00 
13-00 

2-00 

78-00 
89-00 
79-00 
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Second  Method.  Mark  where  tfae  line  of  sight  strikes  the  wall ; 
measure  np  to  the  top  of  the  wall,  and  put  this  down  as  an  F.  S., 
with  a  ploB-eign,  as  in  553,  where  the  line  of  sight  struck  below 
the  top  of  the  peg. 

On  the  other  side  of  the  wall,  sight  back  to  it,  and  mark  where 
the  line  of  sight  strikes.  Measnre  to  the  top  of  the  wall,  and  pnt 
this  down  as  a  B.  S.,  with  a  minus-sign,  and  then  go  on  as  nsnaL 

560.  Honw.  First  try  to  find  some  place  for  the  instrument 
from  which  jou  can  see  through,  by  opening  doors  or  windows. 
Or,  find  some  place  in  the  bouse  where  you  can  set  the  instrument 
and  see  both  ways,  or  bold  the  rod  at  some  point  inside,  and  look 
to  it  from  front  and  back.  A  straight  stick  may  be  osed  if  the  rod 
can  not  be  held  upright,  and  the  height  measured  on  the  rod. 

681.  The  Son.     It  often  canses  the  leveler  mnch  difficolty — 

1.  By  shining  in  the  object-glass.  If  the  instniment  has  a 
abade  on  it,  draw  it  out  If  not,  shade  the  glass  with  your  band 
or  bat,  or  set  the  instrument  to  one  side  of  the  line. 

a.  By  heating  the  le^el  nneqaally  in  all  its  parts.  Holding  an 
umbrella  orer  it  will  remedy  this. 

3.  By  caasing  irregular  refraction.  Some  parts  of  the  ground 
become  heated  more  than  others,  and  therefore  rarefy  the  air  at 
those  places.     This  can  not  be  avoided  nor  corrected. 

S62.  Wind.  Watch  for  lalls  of  wind,  and  observe  then  several 
times,  and  take  the  mean.     The  least  wind  is  at  daybreak. 

86S.  IdioiTnoraties,  Different  persons  do  not  see  things  pre- 
cisely alike.  Each  individual  may  have  an  inaccuracy  peculiar  to 
himself.  One  may  read  an  observation  higher  or  lower  than 
another  equal  in  skill.  Also,  a  person's  right  and  left  eye  may 
differ.  This  difference  in  individuals  is  termed  their  "personal 
equation." 

To  test  the  accuracy  of  your  eye,  tarn  the  head  so  as  to  bring 
the  eyes  in  the  same  vertical  line,  and  sight  to  the  rod  held  hori* 
zontallj.     Hote  where  the  vertical  hair  strikes.     Then  turn  the 
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head  to  the  other  side,  bo  as  to  invert  the  position  of  the  eyes,  and 
then  Bight  again.  As  before,  the  mean  of  the  two  readings  is  the 
oorrect  ooe. 

604.  EMiprooal  LeTding.  This  is  to  be  used  when  it  is  im- 
possible  to  set  midway  between  the  two  poiDts,  and  the  distance 
can  not  be  readily  detennioed. 

Set  the  instrument  over  A,  and  eight  to  a  rod  at  B,  and  note 


reading.  The  difference  of  the  reading  and  of  the  height  of  the 
crosB-hairs  gives  a  difference  of  height  of  A  and  B.  Then  set  up 
at  B,  and  observe  to  A,  similarly.  A  new  difference  of  height  is 
obtained.     The  mean  of  these  two  is  the  oorrect  one. 

IIl  of  orosa-haira  above  peg  at  A=4>3'  HL  of  croBa-holre  above  peg  at  B=4-9' 
Observation  to  B=7'0'  Observation  to  A=4-2' 

Diff.  of  heigbt     =2-7'  DifF.  of  heigbt     =07' 

Tme  difference  =  i  (2'7'+  O-?")  =  1-7'. 

Otherwise,  set  the  instrument  at  an  eqnal  distance  from  each 
point,  as  A'  and  B',  and  observe  to  each  in  turn.  The  mean  of 
the  two  differences  of  height  obtained  will  lie  the  tme  difference, 
as  before. 

LBVXLnra  location. 

B65.  Ita  Fatnre.  It  is  the  coDverse  of  the  general  problem  of 
leveling,  which  is  \a  find  the  difference  of  heights  of  two  given 
points.  This  consists  in  determining  the  place  of  a  point  of  any 
required  height  above  or  below  any  given  point. 

To  do  this,  hold  the  rod  on  some  point  of  known  heigbt  above 
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the  datuiD>1eve1 ;  sight  to  it,  and  thus  determine  the  height  of  the 
croe»-hiuT8.  Subtract  from  this  the  desired  height  of  the  required 
point,  and  set  the  target  at  the  difference.  Hold  the  rod  at  the 
place  where  the  height  is  desired,  and  raise  or  lower  it  till  the 
oroBB-hair  bisects  the  target.  Then  the  bottom  of  the  rod  is  at  the 
desired  height.  Usually,  a  peg  is  driven  till  its  top  is  at  the  given 
height  above  the  datum. 

666.  Difflonlttec  If  the  difference  of  height  be  too  much  to  be 
measured  at  one  setting  of  the  instrument,  take  a  series  of  levels 
up  or  down  to  the  desired  point.  So,  too,  if  they  be  far  apart; 
and  thus  find  a  place  where,  the  instrument  having  a  known  height 
of  cross-hairs,  the  target  can  finally  be  set,  as  before. 

If  the  ground  be  so  low  or  so  high  that  a  peg  can  not  be  set 
with  its  top  at  the  required  height,  drive  a  peg  till  \i&  top  is  just 
above  the  surface  of  the  ground.  Observe  to  the  rod  on  it,  de- 
termine its  height  above  or  below  the  desired  point,  and  note  this 
on  a  large  stake  driven  beside  it ;  or,  place  its  top  a  whole  number 
of  feet  above  or  below  the  required  height,  and  mark  the  difference 
on  it,  or  on  a  stake  beside  it. 

S67.  Staking  oat  Work.    When  embankments  and  excavations  . 

are  to  be  made  for  roads,  etc.,  side-stakes  are  set  at  points  in  their 
intended  outside  edges — 
i.  e.,  where  their  slopes  will 
meet  the  surface  of  the 
ground  ;  and  the  height 
which  the  ground  at  those 
points  is  above  or  below  the 
required  height  or  depth  of 
the  top  or  bottom  of  the 
finished  work,  is  marked  on 

these  stakes  with  the  words  "cut,"  or  "fill,"  or  the  signs  +  or  — . 
The  places  of  the  stakes  are  found  by  trial.     (See  Gillespie's 

"  Road-Making,"  page  145.)     These  stakes  are  set  to  prepare  the 

work  for  contractors.     When  the  work  is  nearly  finished,  other 

stakes  are  set  at  the  exact  required  height. 
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In  staking  ont  foundaiion-pitt,  set  temporary  stakes  exactjj 
above  the  intended  bottom  angles  of  the  completed  pit,'  tbm  mark- 
ing ont  ou  the  surface  of  the 
ground  its  intended  shape.  rie.  us. 

Take  the  heights  of  each  of     ^^ 
these  stakes  and  move  them        j^W^ 
outward  such  distances  that  \   ^^fc^^ 

catting    down    from     them      u      \  ^^fSss^ 

with  the  proper  depth  and  \  ^^"Ssito. 

slope  will  bring  yon  to  the  \  ^^^Iv. 

desired  bottom  angle.  *■■ •- — ^■'  ■  '-*    ^^ 

668.  To  looate  a  Level-Line.  This  consists  in  determining  on 
the  surface  of  the  gronnd  a  series  of  points  which  are  at  the  same 
level — ^i.  e.,  at  the  same  height  above  some  datum.  Set  one  peg  at 
the  desired  height,  as  in  Art  565.  Sight  to  the  rod  held  thereon, 
and  make  fast  the  target  when  bisected.  Then  send  on  the  rod  in 
the  desired  direction,  and  have  it  moved  up  or  dovm  along  the  slope 
of  the  gronnd,  until  the  target  is  again  bisected.  This  gives  a  sec- 
ond point.  So  go  OQ  as  far  as  sights  can  be  correctly  taken,  keeping 
unchanged  the  instmmenl  and  target.  Make  the  last  point  sighted 
to  a  "  tnming-point."  Carry  the  instrument  beyond  it,  set  up 
again,  take  a  B.  S.,  and  proceed  as  at  first 

The  rod  should  be  held  and  pegs  driven  at  points  so  near  to> 
gether  that  the  level-line  between  them  will  be  approximately 
straight 

669.  Applloatlons.  One  use  of  this  operation  is  to  mark  out 
the  line  which  will  be  the  edge  of  the  water  of  a  pond  to  be  formed 
bj  a  dam.  In  that  case,  a  point  of  a  height  equal  to  that  of  the 
top  of  the  proposed  dam,  plus  the  height  which  the  water  will 
stand  on  it  (to  be  determined  by  hydraulic  formulas),  will  be  the 
starting-point.  Then  proceed  to  set  stakes  as  directed  in  the  last 
article. 

The  line  from  stake  to  stake  may  then  be  surveyed  like  the 
sides  of  a  field,  and  the  area  to  be  overflowed  thos  determined. 
Strictly,  the  surface  of  the  water  behind  a  dam  is  not  level, 
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bat  u  cnrred  concaTel;  upward,  and  ie  therefore  bif^her  and  sets  back 
farther  than  if  leTel.    The  backing  ap  of  the  water  is  called  Remous. 
Another  important  application  of  this  problem  ie  to  obtain 
"  contour-lines  "  for  topography. 

S70.  To  lun  a  Qrade-Line,  This  coDBists  in  setting  a  Eeries  of 
pegs  BO  that  their  tops  shall  be  points  in  a  line  which  shall  have 
an;  required  slope,  ascending  or  descending. 

When  a  grade>line  is  to  be  ran  straight  between  two  given 
points,  set  the  level  over  one  point,  set  the  target  at  the  height  of 
the  oross-hairs,  hold  the  rod  on  tfae  other  point,  and  raise  or  lower 
one  end  of  the  instrument  till  the  cross-hair  bisects  the  tar^t. 
Then  send  the  rod  along  the  lioe,  and  drive  pegs  to  such  heights 
that  when  the  rod  is  held  on  them  the  oross-bair  will  bisect  the 
target  A  stake  ma;  be  driven  at  the  extreme  point  to  the  height 
of  the  target. 

Another  Method.    Knowing  the  horizontal  distance  between 
the    two    given    points, 
'■"■*"■  and    their  difference  of 

level,  determine  the  rise 
or  fall  per  handrod  feet. 
Then  drive  stakes  at 
every  hundred  feet,  bo 
that  the  top  of  each  suc- 
ceeding one  is  the  given 
grade  per  hundred  feet  higher  or  lower,  according  as  the  grade 
la  ascending  or  descending. 

For  example,  suppose  the  horizontal  distance  from  A  to  B  is 
1,200  feet,  and  that  B  is  16-8  feet  higher  than  A.  The  rise  per 
hundred  feet  from  A  is  1*4  foot.  Beginning  at  A,  set  stakes  at 
every  hundred  feet,  so  that  the  top  of  each  one  is  1'4  foot  higher 
than  the  preceding  one. 

A  line  of  uniform  grade  or  slope  is  not  a  straight  line.  Calling 
the  globe  spherical,  this  line,  when  traced  in  the  plane  of  a  great 
circle,  would  be  a  logarithmic  spiral.  On  a  length  of  six  miles,  the 
difterence  in  the  middle  between  it  and  ite  straight  chord  woald  be 
ax  feet. 
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BTiroPBIS  OF  PLANE  TBtGONOMBTRT.* 

L  Seflnition.  Plane  TrigODometr^  la  tbnt  branch  of  mstbematictil  §al- 
enoe  whicli  treats  of  the  relatjons  between  the  Bides  and  angles  of  plane 
tmngles.  It  taachas  how  to  find  any  three  of  these  six  parte,  when  the 
other  throe  are  ^ven,  atid  one  of  them,  at  least,  ta  a  side. 

2.  Al^lw  and  Atol  The  angU*  of  a  triangle  are  measured  by  tho  aree 
described,  with  an;  radios,  from  the  angular  points  aa  centers,  and  inter- 
cepted between  the  legs  of  the  angles.  The«e  arcs  are  raeasared  b;  com- 
paring them  with  an  entire  oirourafereDoe,  deBcribed  with  the  same  raditis. 
Every  cirouinferenoe  is  regarded  as  beiag  divided  into  BGO  equal  parts,  oalled 
degrea.  Sach  degree  is  divided  iato  BO  eqaal  parts,  called  miimtt%,  and  each 
minute  into  SO  ueattdt.  These  diriiiioDB  are  indicated  b;  tlie  miirkB  ° ' ". 
Thus  28  degrees,  17  minutes,  and  41>  seconds,  are  written  '26°  IT'  49",  Frac- 
tions of  a  second  are  best  expressed  deoimally.  An  arc,  inclndlng  a  quarter 
of  a  oiromnferenoe  and  measDring  a  right  angle,  is  therefore  90°.  A  senii- 
circamference  oompriseB  180°.  It  is  often  represented  bj  n-,  which  e^jnals 
S'14159,  etc.,  or  8|  approxiiuately,  the  radins  being  > 

nnity,  F""  410. 

The  length  of  l°iD  parts  of  radias=  0-0174S329; 
that  of  1'  =  000088089  ;  and  tliat  of  1"  =  000000486. 

The  length  of  the  radios  of  a  cirale  in  degrees,  or 
Seotbs  of  the  circomference  =  57-29B78°  =  57°  17' 
34-8"  =  8487-747'  =  2062M  8".  t 

An  arc  ma;  be  regarded  as  generated  by  a  point, 
H,  moving  trota  an  origin,  A,  around  n  circle,  in  the 
direction  of  the  arro^.  Tbepoint  may  thus  describe 
arcs  of  any  lengths,  such  as  AM;  A  B  =  B0°  =:  ( 
«;  A  BO  =180*'  =  ir;  A  BOD  =  270°  =  fir;  A  BOD  A  =860''  =  2ir. 

The  point  may  BtiU  continue  its  motion,  and  generate  arcs  greater  than  a 

*  For  nicrcly  solving  triangles,  only  Articles  1,2, 8,  5,6, 10,  It,  and  IS  are  needed. 

\  The  namber  of  seconds  in  >ny  arc  vhich  is  glren  In  parts  of  radius,  rsdluB 
being  nnity,  equals  the  length  of  the  arc  so  given  divided  by  the  length  of  the  arc  of 
one  second  (  or  mulUplied  by  the  number  of  seconds  in  ladlw. 
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oircnmfereiioe,  or  than  two  circnrnferencea,  or  than  thre«;  or  even  infinito 
in  length, 

Wbile  the'  point,  H,  deaoribea  these  arcs,  the  radias,  O  M,  iDdeGnitelj 
prodaoed,  generatas  uorrespooding  angles. 

if  the  point,  H,  Hbonld  move  from  tlie  ori^n,  A,  in  the  oontrar;  directioa 
to  its  former  movement,  the  arcs  geodrated  bj  it  are  regarded  a^  negative,  or 
muiu*  ;  and  »o  loo,  of  necessity,  the  angles  measared  bj  the  arcs. 

Arcs  and  anglea  taa.j  therefore  varj  in  length  from  0  to  +  i»  in  one 
direction,  and  from  0  to  —  qd  in  the  contrary  direction. 

The  Complemient  of  an  arc  is  tlie  arc  which  would  remain  after  subtract- 
ing the  arc  from  a  quarter  of  the  circumference,  or  from  90°.  If  the  arc  be 
more  than  90°,  its  complement  ie  necesseritj  negative. 

The  SappltmaU  of  an  arc  U  what  wonld  remain  after  subtracting  it  from 
half  the  circamference,  or  from  180°.  If  the  arc  he  more  than  180°,  its  sup- 
plement is  necesBarilj  negative. 

3.  Trigonoiaetrioal  Linei.    The  relations  of  the  udea  of  a  triaof^e  to  it« 
■Dglea  ore  what  is  required  ;  but  it  is  more  convenient  to  replace  the  angles 
^>J  arcs ;  and,  unoe  more,  to  replace  the  arcs  bj  certain  strught  lines  depend- 
ing upon  them,  and  increasing  and  decrea«ng  with  them,  or,  converselj,  in  snrh 
a  way  that  the  length  of  the  lines  can  be  found  from  that  of  the  area,  and  cjm 
Mna.     It  ia  with  these  lines  that  the  sides  of  a  triangle  are  compared.*     These 
linea  are  called  Trigonometrical  Lina,  or  dreviaT  Funetiont,  because  their 
length  is  a  function  of  that  of  the  circular  arcs.    The  principal  trigonometrical 
linea  are  Sinm,  TangtaU,  and  StoanU.     Chords  and  versed  aines  are  also  used. 
The  SINE  of  an  are,  A  H,  is  the  perpendicular,  U  P,  let  fall,  from  one 
extremity  of  the  arc,  upon  the  diameter  which 
Fio.  411.  passes  through  the  other  extremity. 

The  TANGENT  of  an  arc,  A  H,  is  the  dis- 
tance, A  T,  intercepted,  on  the  tangent  drawn 
at  one  extremity  of  ihe  arc,  between  that  ex- 
tremity and  the  prolongation  of  the  radius 
which  passes  through  the  other  extremity. 

The  SECANT  of  an  arc,  AU,  is  the  pari. 
O  T,  of  the  prolonged  radius,  comprised  be- 
tween the  center  and  the  tangent. 

The  sine,  tangent,  and  secant  of  the  com- 
plement of  an  arc  are  called  the  Oo-sihb,  Oo-tanoeht,  and  Co-bbdant  of  that 
aro.  Thus,  U  Q  is  the  ooaine  of  A  H,  B  B  its  cotangent,  and  O  S  its  cose- 
cant. The  oonne  M  Q  is  eqnal  to  O  P,  the  part  of  the  radius  comprised  be- 
tween the  center  and  the  foot  of  the  sine. 

The  elMrd  of  an  arc  is  eqnal  to  twice  the  sine  of  half  that  are. 
The  Ttrted^ne  of  an  arc,  A  M,  is  the  distance,  A  P,  con^rised  between 
the  origin  of  the  arc  and  the  foot  of  the  sine.    It  ia  consequently  eqoal  to  the 
difference  between  the  radius  and  the  sine. 

*  For  the  great  value  of  this  indirect  mode  of  cotoparitig  the  sides  and  angles  ot 
triangles,  see  Gomte's  "  Philosophy  of  Mathematics  "  (Harper's,  1657),  page  22S. 
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The  trigonometrical  lines  are  asaally  written  in  an  abbreviated  fonn. 
Oalling  the  arc  A  M  -:=  a,  we  write, 

UP  =  Bin.a.  ATstan.o.  OT  =  Mca. 

H  Q  =  COS.  a.  B  8  =  cot.  a.  O  B  =  coeeo.  a. 

The  period  after  ein.,  tan.,  etc,  indicatJng  abbreviation,  is  IreqaentI; 
omitted. 

The  arcs  vhose  ainea,  tangents,  eto.,  are  eqnal  to  a  tine  =  a,  are  written, 

tan!    0,  or  arc  (tan,  =  a) ;  etc. 


4.  The  Linet  u  Katloa.  The  ration  b«- 
tween  the  trigonometrical  lines  and  the  radius 
are  the  same  for  the  same  angles,  or  number 
of  degrees  in  an  arc,  whatever  the  length  of 
the  radina  or  arc.  Conseqneotlj,  radios  being 
unit;,  these  tines  maj  be  expressed  as  simple 
ratios.  Thus,  in  the  right-angled  triangle 
ABO,  we  would  have 

opposite  «de  . 

"  A  B  ~    hypotenuse  ' 
.        .  _  B  0  _  oppoMte  side 
~  A  0  ~  adjacent  side 

AO       Adjacent  side' 
When  the  radins  of  the  arcs  which 
ratios  ma;  be  nsed  for  the  1i 


FiQ.  418. 


do.  A  =  -r-T-  =  - 


A  0       adjacent  side 

008.  A  =  -—^  =  -rr . 

A  B        hypotenuse 

^    .       A  0       adjacent  side 

cot  A  =  vtt;  =  — * — r- 

B  C       opposite  Bide , 

,  __  A  B  _  hypotenuse 
B  C  opposite  side  ' 
)  the  angles  is  anity,  these 
If  the  radins  be  any  other  length,  the 
remits  which  have  been  obtained  by  the  above  supposition  must  be  modilled 
hj  dividing  each  of  the  trigonometrical  lines  in  the  result  by  radins,  and  thns 
rendering  the  equations  of  the  results  "  homogeneous."  The  same  effect 
would  be  produced  by  multiplying  eacb  term  in  the  expresmon  by  each  a 
power  of  radios  as  would  make  it  contun  a  nninber  of  Unsar  faotora  eqnal 
to  the  greatest  number  in  any  term. 
Fig.  418.  Tbe  radins  is  usually  represented  by 

'      c,  orK. 

S.  Theiz  Tariatiotu  In  Length. 
As  the  point  H  moves  around  the 
circle,  and  the  arc  thus  increases,  the 
dues,  tangents,  and  secants,  starting 
from  zero,  also  increase ;  till,  when 
the  point  M  has  arrived  at  B,  and 
the  arc  has  become  90°,  the  sine  baa 
become  equal  to  radius,  or  unity,  and 
tbe  tangent  and  secant  have  become 
infinite.  The  complementary  linee 
bftre  decreased,  the  cosine  being  eqnal  to  radios  or  unity  at  starting  and  be- 
ooming  zero,  and  the  cotangent  and  cosecant  passing  from  infinity  to  seroi 
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When  the  point  H  has  passed  the  first  qoadrant  at  6,  and  ta  prooMding  toward  , 
C,  the  «nea,  tangents,  and  seoanU  begiu  to  decrease,  till,  vrhen  tlie  point  has 
reached  0,  tlie;  have  the  same  values  as  at  A.  Tbey  tben  b^in  to  iacrease 
afcain,  and  so  on.    The  tahle  un  pag«  406  indicates  these  variatioiiH. 

The  sines  and  tangents  of  very  ainall  arcs  luaj  be  regarded  as  sensiU; 
proportional  to  tlie  arcs  tljemselves;  so  that  for  sin.  a",  we  ma;  write  a  . 
iin.  1";  and  similarly,  though  less  accurate]/,  fur  sin.  a',  we  maj  write  a  , 
sin.  1'. 

The  sioes  snd  tsngents  oF  verjr  small  arcs  may  similar!;  bo  regarded  as 
senslbl;  <if  the  saine  length  tia  the  iircs  themselres.* 

a  being  the  length  of  any  arc  expresBO'l  in  parts  of  radios,  the  lengths  of 
its  Bine  and  coeiue  amy  be  olrtulned  by  the  following  series : 


+,  etc 


a. 8        2.8.4.D       2.3 

Let  it  be  reqaired  to  find  cos.  80°,  by  the  above  serittu 


Sabatituting  this  number  for  a,  the  senes  becomes,  taklDg  only  three  terme 
of  it, 

1  -  ^-^5^  +  i^^'-.  etc.  =  1  -O-137078  +  0008180  =  -866063; 

which  Is  the  correct  value  of  ooa.  80°  for  the  first  four  places  of  decimals. 

The  lengths  of  the  other  lines  can  be  oblaJDed  from  the  mutual  relaUou 
given  in  Art.  7.    Some  particular  vnlues  ore  given  below : 

sin.  30°  =  i  sin.  46"  =  ^  f  2.  sin.  60°  =  ^  (/  8. 

tan.  30°  =  i  ^'Z.  tan.  45°  =  1.  tan.  60°  =  f  8. 

sec.  30°  =  {  C3.  see.  46°  =  y  2.  see.  60°  =  2. 

6.  Their  Changei  of  SigiL  Lines  measored  in  contrary  directions  from 
a  common  origin  usually  receive  contrary  algebraic  aigna.  If,  then,  all  the 
lines  in  the  firat  quadrant  are  calleil  p',>Hitive,  tiieir  aigna  will  change  in  some 
of  the  other  quadrants.  Thus  the  tinet  in  the  first  quadrant  being  all  meas- 
ured upward,  when  they  are  measured  downward,  as  they  are  in  the  third 
and  fourth  qusdrautB,  tbey  will  be  negative.  The  coiine*  in  the  first  quad- 
rant are  measured  from  left  to  right,  and  when  they  are  measnred  from  rif;ht 
to  left,  aa  in  the  second  and  third  qnadranta,  they  will  be  negative.  The 
tangeati  and  »eeanti  follow  «mllar  rules. 

The  variations  in  length  and  the  changes  of  sign  ore  all  indicated  in  the 
following  table,  radius  being  unit;.  The  terms  "incressing"  and  "de- 
creaNng  "  apply  to  the  lengths  of  the  lines  without  any  reference  to  tbeir 
signs: 

■  Consequently,  the  note  on  page  401  may  rend  ihue :  The  number  of  seconds  )d 
an;  very  small  arc  given  in  parts  of  radius,  rodiuB  being  unity,  Is  equal  to  the  leoKlh 
of  the  arc  so  given  divided  by  sin.  1. 
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Ltnfftht  and  Sign*  of  the  Trigonometrieal  Lmei  ftyr  Aret  from  0"  i 


Ami. 

0* 

BnwuH  (C  iND  BIT, 

^ 

BiTwuN  «0*  Ann  180*. 

,«■ 

8bu» 

TMg«nt.... 

Secmt 

Coidiui 

Cotangent.... 
GoBeont.,.. 

0 

0 

+  1 

+  1 

±« 

+,  and  increagiiig, 
+  ,  and  iDereadng, 
+ ,  and  decraasinft, 
+,  and  decreasing, 
+  ,  and  deereuii^, 

+  1 
±a> 

±00 

0 
0 

+  1 

+  .anddecrcaMng, 
— ,  and  decreaaing, 

— ,  and  decreaaing, 
— ,  and  increasing, 

-t-,  and  increasing. 

0 

—1 

Arcs. 

IfKT 

Bktwmmv  IW  tKom: 

870- 

BmrnurSTO-AHDSaCf. 

aw 

ane 

T«N5«rt..... 

Secant 

Coam 

Cotangent... 

CoKOUlt.... 

0 
0 

—1 

—1 
T« 

-,  and  inci^aBiDg, 
+,  and  incrcariiy^, 

-,  and  decnsariDg, 
+  ,  and  deoreasing, 
—  and  decwaaing, 

—1 
±» 

0 

—1 

+  ,andiMrc»aiDS, 
— ,  and  increasing, 
— ,  and  Increasing, 

0 
0 

+1 
+1 

Frnm  this  table,  and  Fig.  418,  we  aee  tliat  an  ore  and  tte«t9>pl«m«nf  have 
the  same  stne;  and  that  their  tangents,  secants,  cosines,  and  cotangents  are 
of  eqaal  length  bat  of  contrary  signs ;  while  the  cosecants  are  the  same  in 
both  length  and  oign. 

We  also  dedooe  from  the  flgnre  the  following  conaeqtiBnces : 

sin.  («°  +  180°)  =  —  wn.  a".  cm.  (a°  +  180°)  =  -  co«.  a'. 

tan.  (0°  +  180°)  =  tan.  a".  ooL  (0°  +  180°)  =  cot.  o*. 

see.  (a"  +  180°)  =  —  sec  a".        ooseo.  (<i°  +  180°)  =  —  cosec  a'. 


Bin. 

(_«=)=_  Bin.  a° 

OOB. 

-a" 

=  COS.  a". 

tan. 

-  «"j  =  -  tan.  a" 

cot. 

-a" 

=  —  cot.  a'. 

sec 

(-a'0  =  8ec.a°. 

oosec. 

-a" 

=  —  cosec.  a 

An  infinite  nnmber  of  arcs  hare  the  same  trigonometrical  lines;  f or,  aD 
wo  a,  t^e  same  arc  pins  a  oircnmforence,  the  same  arc  plus  two  oiromnfer- 
enoes,  and  so  on,  would  have  the  same  sine,  etc 

"  To  bring  back  to  the  first  quadrant ''  the  trigonometrical  lines  of  any 
large  arc,  proceed  thus :  Let  1029°  be  an  arc  the  sine  of  which  b  desired. 
Take  from  it  as  many  times  860°  as  possible.  The  remainder  will  be  809°. 
Then  we  shall  have  sin.  809°  =  sin.  (180°  —  809°)  =  sin.  —  129°  =  —  sin. 
189°  =  -  sin.  (180°  -  129°)  =  -  sin.  61°. 

7.  Their  Xutoal  Belatloiu.    Radios  being  nnitr, 


taa.  a"  x  cot.  a°  = 
1  +  (tan.  a")*  =  (se 


(sin.  ay  +  (COS.  a°)'  =  l.» 
1  +  (cot,  0°)'  =  (cosec.  a°). 


*  The  aqnare,  etc,  of  the  sine,  etc.,  of  an  arc,  is  olten  eipreSBcd  bj  placing  the 
espooent  between  the  abbreTiation  of  tbe  name  of  the  trigtmometrical  lino  and  the 
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Hence,  any  one  of  the  trigoDo metrical  linea  being  given,  the  reet  can  l>e 
foond  from  some  of  these  eqaetiona. 

8.  Two  Ana.     Let  a  and  b  represent  any  two  arcs,  a  being  the  greater. 
Then  the  following  fonuiilas  a|iply  : 

sin.  (a  +  6)  =  sin.  a  .  cos.  6  +  cos.  *  .  sin.  6. 
rin.  (a  —  fr)  =  An.  a  .  cos.  b  —  cos.  a  .  sto.  h. 
COS.  (a  +  6)  =  COB.  a  .  cos.  6  —  sin.  u  .  sin.  6. 
008.  (a  —  6)  =  COS.  a  .  cos.  i  +  sin.  o  .  sin.  b. 

tan.  a  +  tan.  6 
tan.  (a  +  b)  = 


i.(a-b): 
L  («  +  S)  : 


~  1—  tan.  a  .  tan.  b 

tan,  a  —  tan,  i 

1  -I-  >«n-  o  ■  tan.  ft' 

cot.  a  .  cot.  &  —  1 

cot.  6  +  cot.  a 
ooL  a  .  cot.  b  +  1 


cot.  ft  —  cot.  a 
].  6  =  J  .  COS.  (o  -  6)  -  1  COS.  (o  +  S). 

8. 6  =  J  .  COS.  (a  +  ft)  +  i  c.«.  (a  -  ft). 
H.ft=i.8in.(a  +  ft)  +  isin.(a-ft). 
1  ft  =  J  .  sin.  (ffi  +  ft)  -  i  sin.  (a  -  6). 
i.ft  =  2»in.#(a  +  6)co8.1(i-ft). 
s.A  =  aco8.i(a  +  ft)cos.l(o-6). 
1,  ft  =  2  sin.  Ha-b)  cos.  J  f "  +  *)• 
).Ka-ft)Bin.JCa  +  5). 
tan.  a  +  tan.  ft  =  - 


sin 

.  (a  +  ft) 

cos 

a.co8.6 

■  (a-b) 

COS 

(I.  COS.  ft' 

sin 
sin. 

(i  +  ft) 
a  .  sin.  ft  • 

sin 

(a -ft) 

coL  ft  —  cot.  a  = 

9.  Double  and  Half  Am.     Letting  a  represent  any  arc,  as  before,  we 
Oave  the  following  formulus: 

sin.  2  a=  2  un.  a  .  cos.  a. 

COS.  2  o  =  (cos.  a)'  —  (sin.  a)'  =  2  (cos.  a)'  —  1  =  1  —  2  (wn.  a)'. 

-,  2  tan.  a  2  cot.  a  2 

tan.  2  11  =  — — — ^  —  = =  -  -        . 

1  —  (tan.  a)        (cot.  a)'  —  1       cot.  a  —  tan,  a 

cot  2  «  =  <^h-^l^  ^  ^  (cot.  a  -  tan.  o). 

nomber  of  the  degrees  in  the  >rc,  thus:  Sia.'  a°,  tan.*  a°,  etc.  But  (he  notation  given 
aboTC  places  the  indei  as  used  bj  Gauss,  Delambre,  Arbogast,  etc,  ihou^  the  fint 
two  omit  the  parentheses. 
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dn.  *<•=  ♦'[i(l-co9.<i)J. 

0O3.J<l=    f  14{1+OOB.«)]. 

,  Bin.  a 


l--ooa.(»_      /I  —  coa.  a\ 

Bin,  a     _      /I  +ooe.fl\ 
1  — co«.a~      Vl  — C09,o'' 


lOi  TEigOUOmetrioal  Tablet.  In  the  oBnal  tablw  of  tbe  natural  trigo- 
nometrical linea,  tliti  degrees  from  0°  to  46°  are  foand  at  tbe  top  of  the  table, 
and  those  from  45°  to  60°  at  the  bottom ;  tbe  latter  beiog  complements  of 
the  former.  Oonseqnentlj,  the  colnmns  whioL  have  Sine  and  Tangent  at  top 
have  Cotine  and  Cotangent  at  bottom,  since  the  conne  or  cotangent  of  an; 
aro  is  the  same  thing  as  the  sine  or  tangent  of  its  complement.  The  roinntOB 
fa)  be  added  to  tbe  degrees  are  fonnd  in  tbe  led-bimd  oolnmn,  when  the  nnm- 
ber  of  degrees  at  tbe  top  of  the  page  are  nsed,  and  in  tbe  right-hand  colamn 
for  tbe  degrees  when  at  the  bottom  of  the  page.  The  lines  for  arcs  interme- 
diate between  tliose  in  the  tables  are  found  b;  proportion.  The  lines  are 
oalonlftted  for  a  radios  equal  onitj.  Hence,  the  values  of  tbe  sines  and  co- 
^DOB  are  decimal  fractions,  though  the  point  is  aBQallj  omitted.  So  too  are 
the  tangents  from  0°  to  45°,  and  the  cotangents  from  90°  to  40°.  Beyond 
those  points  thej  are  integers  and  decimals. 

The  oalonlations,  like  all  others  involving  large  numbers,  are  shortened 
bj  the  use  of  logarithms,  which  sattstitutc  addition  and  subtraction  for  mol- 
tiplioation  and  division ;  bnt  the  young  student  should  avoid  the  frequent 
error  of  n^arding  logarithms  as  a  neoeseary  part  of  trigonometr;. 

SOLTJTIOH  OF  TBIAITOLES. 

11.  BJfflLt-ftngled  Iiianglea.     Let  A  B  0  fio.  iu. 

be  an3r  right-angled  triangle.  Denote  tbe  sides 
oppo^te  the  angles  bj  tbe  corresponding  email 
letters.  Then  any  one  side  and  one  acute  an- 
gle, or  any  two  sides  being  given,  the  other  parts 
can  be  obtained  by  one  of  tbe  following  equa- 


oiTmi. 

.,6 

.,  A,  B 

tf  =  V(a»  +  6^;  l«ll.A  =  ^;  cot  B  =-|. 

<h« 

J,  i,  B 

i  =  ,/(.*-  a");  Bin.  A  =  "i  c<je.B=-. 

«,  A 

i,ft    B 

'=-'-^^'  =  S^'"'  =  "'--^ 

<•,  i 

',',    B 

.  =  i.lm.  A.  .  =  ^iB  =  «0--A. 

■V  A 

«,»,   B 

a  =  c.8lii.  A;6  =  c<»s.A;B  =  W'-A. 
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12.  01)liqa»«]lg'led  Trionglei.    Let  A  B  0  b«  an;  obllqaa-Migjed  trl- 

ugle,  the  an^lee  and  sides  b«iDg  noted  tu  in  the  figord.    Then  an;  three  of 

its  six  puts  being  given,  and  one  of  tbem 

*^-  *'"•  being  &  ride,  the  other  parte  can  be  ob- 

tuned  by  one  of  the  following  methods, 

which  arc  fonndod  on  these  three  theo* 

Thiobkn  I. — In  tntry  plaM«  triangle, 
^C    ^  Mfx*  "/  ^  arfht  art  to  »aeK  other  aa 
th«  oppoiiU  rid^, 

Tbiorkm  II. — In  eeerypiane  trianffU,  the  rum  of  two  rid«i  ii  to  their  d^~ 
firertee  ai  the  tangent  of  half  the  rum  iff  the  angle*  apporite  thoee  tide*  it  to 
the  tangent  of  ha^f  their  difference. 

Thbobbm  III. — In  every  plane  triangle,  the  eotine  of  any  angle  it  eqvat  to 
afraetion  whote  numerator  it  the  turn  of  the  tqUaret  iff  the  tidet  adjaeent  to 
the  angle,  mions  the  iqvare  qf  the  tide  oppotite  to  the  angle,  and  ahote  de- 
nominator it  iKiee  the  product  of  the  tidet  adjacent  to  tht  angle. 

All  the  oases  for  Bolntitm  whioh  can  occar  may  be  rednced  to  fonr: 
Oasi  1. — Given  a  tide  and  two  anglet.    The  third  angle  ie  obtuned  by 
■nbtracting  the  sntn  of  the  two  given  angles  from  180°.    Then  eith^  on- 
known  side  can  be  obt^ned  by  Theorem  I. 

Oalliog  the  given  aide  a,  we  have  b  =  a.  -.  '  ■-  ;  and  e  =  a  — ■ — . 
am.  A  sm.  A 

Oabb  2. — Oiven  tteo  tidet  and  an  angle  oppotite  one  <f  tAem.  The  angle 
opposite  the  other  given  side  is  foond  b;  Theorem  I.  The  third  angle  is  ob~ 
talned  bj  aabtraoting  the  sum  of  the  other  two  from  180°.  The  remaining 
aide  ia  then  obtained  bj  Theorem  I. 

Calling  the  given  aides  a  and  &,  and  the  given  angle  A,  we  have  no.  B  k 


Since  an  angle  and  its  snppleroent  have  the  same  sine,  the  result  ia  am- 
bigDous;  for  the  angle  B  may  have  either  of  the  two  aupplementary  valoes 
indicated  by  the  sine,  if  A  >  a,  and  A  is  an  aonte  angle. 

0  =  180°— (A  +  B).  «  =  siQ.O-j-^. 

Oase  8. — Qveen  two  tidet  and  their  inelvded  angle.  Applying  Theorem 
II  (obtaining  the  sam  of  the  angles  opposite  the  given  sides  by  snbtracting 
the  given  inolnded  angle  from  180°),  we  obtain  the  differeooe  of  the  nnknown 
angles.  Adding  this  to  their  snm  we  obtain  the  greater  angle,  and  subtract- 
ing it  from  their  anm  we  get  the  less.  Then  Theorem  I  will  ^ve  the  remun- 
ing  side. 

Oalltog  the  given  sides  a  and  i,  and  the  inoladed  anf^e  0,  we  have 
A  +  B  =  180°  —  0.    Then 

tan.  f  (A  -  B)  =  tan.  f  (A  +  B)  .  |^. 

.  J(A  +  B)+KA-B)  =  A.    J(A  +  B)-KA-B)  =  B.    •-o^i^. 
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Ib  tbe  first  eqnatitm  oot.  ^  C  ma;  be  used  in  the  place  of  tan.  ^  (A^  +  B). 

Oabb  4. — Given  tkt  thru  tida.  Let  (  represent  half  the  sum  of  the  tbree 
ridea  =  I  (a  4-  ft  -I-  e).  Then  any  angle,  aa  A,  ma;  be  obtained  from  either 
of  the  following  formulas,  foonded  on  Theorem  111: 

-»)('-'n 


COB.  A  = 


6*  +  e*  —  a* 

Tfaefirat  formula  Hhonld  b«  nsed  when  A  <  90°,  and  Hie  B«cond  when 
A  >  UU°.  The  third  should  not  be  ased  when  A  is  nearl;  180° ;  nor  the 
fourth  when  A  is  nearlj  90 ;  nor  the  fifth  when  A  b  very  small.  The  third 
la  tbe  meet  convenient  when  all  the  angles  are  required. 
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TRANSVERSALS. 


Fio.  416. 


Tkeorim  I. — If  a  itraigkt  line  be  drawn  lo  at  to  eat  any  tiM  tidei  9fVi 
Manjfb,  omA  the  third  tide  proltrngsd,  fAu«  ditidiTig  thefA  info  wr  porta  {tht 
proU>7igtd  tidt  and  iti  prolongation  being  (uw  ofth«  parti),  th«n  teiil  tki 
product  of  any  thret  itf  tho*«  part*,  whote  ex- 
trmaitiM  are  not  eontigvout,  tqual  the  produtt 
^the  other  three  part*. 

That  is,  in  Fig.  iU,  ABC  beiag  tbe  triangle, 
and  DF  tbe  traneTereal,  BE  x  AD  x  0F  = 
EAxDCxBF. 

To  prove  this,  from  B  draw  BG,  paralld  to 
C  A.  From  the  Bimilar  triangles  BEG  and 
A  E  D.  we  have  BG:BE::AD:AE.  From 
the  simtlnr  triangles  BFQandCFD,  we  have 
0  D  ;  0  F  : :  B  Q  :  B  F.  Hultiplving  these  proportion?  t-igethar,  we  have 
BGxOD:BExOF::ADxBG:AExBF.     Maltiplying  extremes 


and  i; 

OF  =  EA  > 


Ds,  and  snppressing  the  common  factor  B  O,  wa  have  B  E  x  A  D  x 
<  BF. 


parts  are  sometimes  said  to  he  in  involution. 
H  the  transversal  passes  entirely  ootsido  of  the  triangle  and  cnta  the  pro- 


longations of  all  three  sides, 
The  same  demonstration  appli 


Fig.  417-,  the  theorem  still  liolda  good, 
without  any  change.* 

Theosem  II. — Converaelj  :  ^f  three 
pointe  he  tat«n  on  two  tida  of  u  triangle, 
and  on  tlie  third  aide  prolonged,  or  on 
the  prolongation »  of  the  three  tidei,  di- 
tiding  them  into  »ix  parte,  lueh  that  the 
produet  of  thrtt  Tion-eonteetitive  parti 
equaU  the  product  of  the  other  three  parti, 
thenteill  tlieie  three  pointi  lit  in  the  earn* 
itraight  line. 

This  theorem  is  proved  by  a  redvetio 
ad  nbitirdum. 

Thbokbm  III.— ^  from  the  naniniU 


'  This  theorem  may  be  eiiended  to  polygons. 
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)ffa  trianfU,  Una  be  drawn,  tc  a  point  tituated  eith«r  tbithin  t 
the  triangU,  and  prdlotiged  to  mttl  the  tide*  of  the  tri- 
angle, or  thtir  prolongationt,  thv*  dividing  them  into  Fia. 
lixpartt,  thm  will  the  product  of  any  three  non-oon- 
$eeutive  part*  he  equal  to  the  product  V"  ^^'  other  three 
part*. 

I'bat  [b,  in  £1g.  418,  or  Fig.  419, 

AExBFxCD  =  EB  xFOxDA. 
For,  the  triaiiRle  A  B  F,  being  oot  b;  tbe  transTer-  ] 
Bsl  E  C,  gives  tb«  relation  (Theorem  I). 

AE  X  B  0  X  FP  =  E  B  X  FO  X  PA. 
FiQ.  419.  The  triangle  A  OF,  being  out  by 

the  tr&nsversol  DB,  givet 
DO  xFBxPA  =  ADxOBx 
FP. 
Utiltipljring  tbeee  eqaadons  to- 
gether, and  Buppresfflng  the  oommon 
factors  PA,  0 B,  and  F P,  we  hsTe 
AE  X  BFxCD  =  EBxFOx 
DA. 

Thxobbm  IV,  —  OonverReiy :  ^ 
three  poiate  are  tituat^  on  th«  three 
tidet  of  a  triangle,  or  on  their  pro- 
iongationt  (either  one,  or  three,  of  these  pointi  being  on  the  ndei),  to  that 
they  divide  these  linee  in  tueh  a  Aoay  that  the  product  qfany  three  non-eon- 
teeutive  parte  equal*  tA«  product  iff  the  other  three  parti,  then  will  linee  drawn 
from  three  point*  to  the  oppo*ite  angle*  meet  in  the  tame  point. 
This  theorem  can  be  demonstrated  hj  a  reduetio  ad  ab*vrdum. 

OOBOLLARIES    OF   THE   FBBCBDIMO   THXOBIUB. 

OoBOLLABT  1. — The  MEDIANS  of  a  triangle  (i.  e.,  the  lines  drawn  from 
its  summits  to  tbe  middles  of  the  opposite  mdes)  meet  in  the  tame  point. 

For,  aapposiug,  in  Fig.  4IB,  the  points  D,  E,  and  F  to  he  the  middles  of 
the  aides,  the  prodnots  of  the  non-consecutive  parts  will  be  equal — i.  e., 
AExBFxOD=DA  xEB  xFC;  since  AE  =  E  B,  BF  =  FO,  CD 
(s  D  A.    Then  Theorem  IV  applies. 

Oofi.  i.—The  B18SE0TRI0ES  of  a  triangle  (i.  e.,  the  lines  biseoting  its 
uigles)  meet  in  the  *ame  poifU. 

For,  in  Fig.  418,  sapposing  the  lines  A  F,  B  D,  OE  to  be  biesectrices,  w« 
h&Te  (L^endre,  IV,  17} : 

)B  F  X  A  0  =  F  0  X  A  B, 
CDxBA  =  DAxBO, 
AE  X  OB  =  EB  X  OA. 
Hnltipljing  these  equations  together,  and  omitting  the  common  faoton^ 
trehaveBF  xODxAE  =  FOxDAxEB.    Then  Theorem  IV  oppliea. 
OoB.  8.-7^  ALTITUDES  of  a  triangle  (i.  e.,  the  lines  drawn  from  it* 
a  perpendicular  to  the  opposite  aides)  meet  in  fia  tamt  point, 
2T 


BF 

F  0: 

AB 

AC 

OD 

DA: 

■BC 

BA 

AE 

E  B: 

:0A 

OB 
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For,  in  Fig.  41B,  sappoaing  the  linea  A  P,  B  D,  and  C  E  to  ba  aUatDde^ 
we  have  three  pairs  of  Bimilar  triangles,  BOD  and  F  0  A,  0  A  E  and  DAB, 
A  B  F  and  £  B  0,  b;  comparing  which  we  obtain  relalioua  fhim  which  it  is 
easy  to  deduce  BFxCDxAEsEBxFCxDA;  and  then  Theorem 
IV  again  applies. 

Cob.  ^-—tf,  in  Fig.  418,  or  Fig.  410,  (A«  jwutt  F  It  tahm  in  Oe  middU 
t/'B  0,  then  will  tin  fitu  E  D  beparalUl  to  B  0. 

For,  unoe  B  F  =  F  0,  the  equation  of  Theorem  III  rednoes  to  A  E  x  0  D 
=>ER  X  D  A;  whence  A£:£B::  AD:  DC;  oonBeqaentlf  £  D  ia  parallel 
to  BO. 

Cob.  6.— Convera«l7:  ^ED  &«}uraIU  toBC,  tA«n  wBF=i  FO. 
For,  unoe  AB:  E  B  ::  AD  :  DO,  we  hare  A£xDC  =  EBxAD; 
whence,  in  the  equation  of  Theorem  III,  we  mut  have  B  F  =  F  O. 
OoR.  6. — From  the  preoediog  corollar;,  we  derive  the  following: 

fftwo  Mm  ^a  triangle  an  divided pn)portwti~ 
altjf,  ttartingfrom  tha  tamt  ttimmit,  a*  A,  artd  Unt* 
art  drawn  Jivm  the  txtremitiet  qf  the  third  tide  to 
tie  point*  of  ditition,  the  interteetiont  of  the  eorre- 
tponding  lint*  aill  all  lie  in  the  tame  itraiffht  line 
joining  the  tummit  A,  otmI  the  middle  of  tA«  hate. 

Cob.  T.^A  partioular  cbm  of  the  preceding  oorol- 
larj  is  this : 

/n  any  trapetoid,  the  ttraight  line  whieh  joint  the 
interteelion  of  the  diagonalt  and  the  point  of  meeting 
^  iht  ntm-paratlel  tidet  produced,  pauei  through  the  middle  of  the  tieopar- 
alM  iaiet. 

OoB.  8. — ^  the  three  linet  dratun  through  the  eorretponding  tumtniU  of 
Ueo  trianglet  cut  eaeh  other  in  the  lame  point,  then  the  three  point*  in  vhich 
the  eorreiponding  tidet,  prodneed  ^'neeetmirg,  leill  meet,  are  titualad  in  tht 
tame  ttraight  line. 

This  corollarj  ma;  be  otherwise  enunciated,  thus: 

If  tKO  trianglet  ha»e  their  tnmmilt  tituated,  two  and  tm>,  on  three  lintt 
wAtcA  meet  in  the  tame  point,  then,  ete. 

This  is  proved  by  obtaining  bj  Theorem  I  three  eqnations,  which,  being 
multiplied  together,  and  the  nx  oommon  factors  canceled,  give  an  equation 
to  which  Theorem  II  applies. 

Triangles  thus  sitaated  are  calleil  homologie  ;  the  common  point  of  meet- 
ing of  the  lines  passing  through  their  sammits  is  called  the  center  qfhemet' 
»tn/;  and  the  OTie  on  which  the  sides  meet,  the  attii  nfhtmology. 


EABMONIO  DIVISION. 

DaTiRinoiTs. — A  straight  line,  AB,  h 

^^  *^^-  J aald  to  be  harmonieallp  ditiided  at  the  pointa 

Jt      g  J      0  and  D,  when  these  pointa  determine  two 

additive  segments,  A  0,  B  0,  and  two  anl^ 
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fractJTe  segmenta,  AD,  B  D,  proportional  to  one  Another ;  bo  that  A  0 :  B  0 
: :  A  D  :  B  D.  It  will  be  eoen  iliul  A  O  mtut  be  more  than  B  U,  siuoe  A  D  b 
more  tban  B  D.* 

Tliifl  relation  may  be  otberwl^e  eipretsed,  thus :  The  prodact  of  tbe  irhole 
line  b;  the  middle  part  eijuala  the  product  of  the  extreme  parts. 

Rcciprooatlj,  the  line  D  C  is  hannonically  divided  at  the  jioints  B  and  A, 
lince  tbe  preceding  proportion  maj  be  written  DB:CB::DA:  OA. 

Tbe  four  points,  A,  B,  0,  D,  are  called  harmonic*.  The  po'iots  C  and  D 
Bxa  culled  harmcitie  wiyugatei.    &>  are  the  points  A  and  B. 

When  a  (ttrught  line,  aa  A  B,  is  dindud  harmonicallf,  its  half  is  a  mean 
proportions]  between  the  distance  from  the  middle  of  the  line  to  the  two 
puinls,  C  and  D,  vhich  divide  it  bnrmooicalljr. 

if^  from  anj  point,  O,  lines  be  drawn  so  as  to  divide  a  line  barmonicall;, 
these  lines  ere  called  bd  harmonie  peaeil. 
Fio.  48!.  Tbe  four  lines  whicli  compose  it,  0  A,  O  C, 

OB,  O  D,  in  the  figure,  are  called  its  radii, 
and  the  pairs  which  pass  throngh  the  coiiju- 
gate  points  are  called  eojyiiffale  radii. 

Thsobeh  V, — 7b  ojiy  harmonie  ptneil,  a 
hnt  drawn  parallel  to  any  on*  qf  the  radii 
i$  divided  by  the  three  other  radii  into  two 
equal  parte. 

Let  EF  be  tbe  Hne,  drawn  parallel  to  O  A.  Throagh  B  draw  Q  H,  alao 
parallel  to  O  A.     We  have, 

OB:  OA::  BD:  AD;  and  ^o.  *i». 

BH:OA:;BO:  AO. 
Bnt,b7h7pothesiB,     AO:BO::  AT; 
BD. 

Henoe,  the  first  two  proportions  re- 
dooe  to  O  B  =  B  H ;  and,  consoqaent- 
ly,  EK  =  KF. 

The  reegrroeal  is  also  true — i.  e., 
Iffoftr  linei  radiating^fi-omapoint 
are   tuoh   tkat  a  line  drawn  parallel 
to  one  qf  them  it  divided  into  tteo  equal 
parU  hy  th«  other  three,  the  four  line*  form  an  harmonie  peneU. 

Theorem  VI. — If  any  traiuiiereal  to  an  hannonio  pencil  it  drawn,  it  uiU 
6e  divided  karmimically. 

Let  L  M  be  the  transversal.  Throngh  K,  where  L  M  Intersects  O  B,  draw 
E  F  parallel  to  0  A.    It  is  bisected  at  K  by  the  preceding  theorem  ;  and  tbe 

*  Three  numbers,  m,  n,p,  armis{ed  fn  decreasing  order  of  size,  fonn  aa  harmonie 
prvpaHion,  irhen  the  dKTerenoe  of  the  first  and  the  second  Is  to  [be  ditTertnoe  of  tbe 
second  and  the  third,  as  the  first  is  In  the  third.  Such  are  tbe  Dumben!  6,  4,  and  3; 
or  e,  3,  and  2 ;  or  IE,  12,  and  10 ;  etc.  So,  In  Fig.  4SI,  are  the  lines  A  D,  A  B,  and 
A  C,  which  thns  give  liD:CB::AD:AC:orAC:OB::AD:BD.  The  scries 
at  fractions,  \,  ^,  J,  )-,  t,  etc,  is  called  an  hamwHte  prograiioii,  iMcaose  any  oon- 
saeative  three  of  its  terms  teno  an  hanMme  pn^oriiim. 
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dmtlar  trianglea,  FME  and  LUO,  EEN  and  LNO,  give  the  prc^Mw 
Uona 

LM:KM::OL:FE,  andLN:NK::OL:EK;  wLenoe, 
since  F  K  =  E  K,  we  have  LN:NE;:LM;EM. 
CdROLURT.— 7^0  tmo  *ida  of  any  angle,  together  viith  th»  bitiutrieet  ^ 
tA«  angU  attd  of  it*  tupplement,form  an  har- 
monie  pencil.  Fig.  424. 

Thbobkm  VII.— ^,  from  the  rummitt  ^ 
any  triangle,  ABC,  through  any  point,  P, 
there  be  drawn  the  trannertalt  AD,  B  E,  C  F, 
UTtd  the  trajuvenal  E  D  be  draien  U>  meet  A.  B 
prohmged  in  F',  the  point*  F  and  V  teiil  di- 
vide the  baee  A  B  harmonically. 

This  may  be  otiierwise  ezprcKscd,  thus : 

The  line,  0  P,  nhiehjoin*  the  interiection  <(f  the  diagonal*  of  any  quadri- 
lateral, h.'B\i'E.,withthe  pointof  meeting,  C,  of  two  oppoeite  tide*  prolonged, 
tmt»  the  *ide  A  B  m  »  point  F,  which  ia  the  hamumic  conjugate  of  the  point  tj^ 
meeting,  F'  of  the  other  tu>o  tide*,  E  D  and  A  B,  prolonged. 

For,  by  Theorem  I,  AF-x  BDxCE  =  PB  xDCx  EA;  and 

b;  Theorem  III,  A  F  x  B  D  x  CE  =  FB  x  DO  x  E  A; 
whanoe  AF:  FB::  AF':  F'B, 


THE  OOKPLETE  QUADBILATSIIAL. 

A  Complete  Quadrilateral  Is  formed  bj  drawing  an;  four  straight  Hne^ 
o  *tiat  each  of  them  shall  cut  each  of  the  other  three,  so  as  to  give  six  differ- 
eot  points  of  intcrsectiun.  It  is  so  called 
because  in  the  fi);iire  thus  formed  are 
found  three  quadrilaterals ;  rtz.,  in  Fig. 
426,  A  B  0  D,  A  common  eontex  qnadri- 
lateral ;  K  A  F  C,  a  uni-eo7ustne»  quiidri- 
laier&l ;  and  E  B  A  F  D,  a  bi-eoneate  quad- 
rilateral, composed  of  two  oppomte  trian- 


Flo.  42IS. 


The  complete  quadrilateral,  AEBO 
DF,  liaa  three  di^onals;  viz.,  two  inte- 
rior, A  0,  B  D ;  and  one  exterior,  E  F. 

Theorem  VIII.  —  /n  every  complsts 
qn&DRiLATBBAt  the  middle  point*  of  it* 
three  diagonal*  lie  in    the  lame   itraight 

A  E  B  0  D  F  is  the  quadrilateral,  and  L  U  N  the  middle  points  of  its  three 
diagonals.  From  A  and  D  draw  |iarallels  to  B  0,  and  from  B  and  0  draw 
paridloU  to  A  D.  The  triangle  EDO  being  cat  bj  the  transversal  B  F,  we 
have  (Theorem  I),  DFxCBxEA^CFxEBxnA.  From  the  eqnal- 
iry  of  pandlels  between  parallels,  wa  have  C  B  =  E'  B',  E  A  =  0  A',  E  B  =s 
D  B',  D  A  =  E'  A'.    Henoe,  the  above  eqaation  becomes  D  F  x  E'  B'  x  0  A' 
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=  0  F  X  D  B'  X  E'  4' ;  tberefore,  by  Theorem  II,  the  points,  F,  B',  A',  Ue 
in  the  same  straight  line.  Now,  aince  the  diagonals  of  the  parallelogram 
EOA'A  bisect  each  other  at  N,  and  those  of  the  parslletogram  EBB'D 
at  M,  we  have  E  N  :  N  A'  : :  E  M  :  M  B'.  Then  M  N  is  parallel  to  F  A',  and 
we  have  E  N  ;  N  A' : :  E  L  :  LF,  or  EL  =  LF,  so  that  L  is  the  middle  of 
£  F,  and  the  same  straight  tine  passea  through  L,  U,  and  N. 

Theorbm  IX. — In  «verf/ complete  qiuidrilattral  eathoftht  three  diago- 
nalt  it  Swided  hanaonUally  hy  th«  two 
Fia.  426.  QtRen. 

0  E  B  A  D  F  is  the  complete  quadri- 
lateral. The  diagonal  E  F  ia  divided 
harmonicall}'  at  U  and  H  h;  D  B  and 
A  0  produced  ;  since  A  H,  D  E,  nnd 
FB  are  three  transversals  drawn  from 
the  sammite  of  the  triangle  A  E  F 
through  the  same  point  0 ;  and  there- 
8  K      H  8     fore,  by  Theorem  Vir,  D  B  G  and  A  0  H 

divide  EF  liarmonically. 
So  too,  in  the  triangle  A  B  D.  C  B,  C  A,  C  D,  are  the  three  transversals 
passing  through  G;  and  O  and  K  tberefore  divide  the  diagonal  BD  har- 
monically. 

Ho,  too,  in  the  triangle,  A  B  G,  D  A,  D  B,  I)  C  are  the  transversals,  and  H 
and  K  the  points  which  divide  the  diagonal  A  0  harmonically. 

Tbeorem  X.— If  from  a  point,  A, 
ajiff  nvmber  of  line*  be  dravat,  cutting  Fio.  4S7. 

th«  tidei  ((fan  angle  P  0  Q,  the  inter- 
teetiont  of  the  diagonalt  ofthequadri- 
lateralt  tkiu  forvud  mil  all  lie  in  the 
tame  atratjfht  line  patting  through  the 
tttmmit  of  the  angle. 

By  the  preceding  theorem,  the  diag- 
onal BC'  of  the  complete  quadrilateral, 
BAB'C'OO,  is   divided    harmonically 

at  D  and  E.  Hence,  O  A,  O  P,  O  D,  and  O  Q,  form  an  harmonic  pencil.  So 
do  0  A.  0  P,  0  ly,  and  0  Q.  Therefore,  the  lines  O  D,  0  D',  coincide.  So 
for  the  other  intersectiona. 

If  tlie  point  A  moves  on  O  A,  the  line  O  D  is  not  displaced.  If,  on  the 
contrary,  O  A  is  diaplaced,  O  D  tnrna  around  the  point  O.  Hence,  the  point 
A  ia  Bsid  to  be  a  pole  with  reapect  to  the  line  O  D,  which  is  itself  called  the 
polar  of  the  point  A.  Similarly,  D  is  a  pole  of  0  A,  which  ia  the  polar  of  D. 
0  D  is  likewiae  the  polar  of  any  other  point  on  the  line  0  A ;  and  this  prop- 
erty Is  uece&sarily  reciprocal  for  the  two  conjugate  radii  0  A,  O  D,  with  re- 
spect to  the  lines  0  P,  0  Q,  which  are  also  conjagato  radii.  Hence  :  in  every 
harmonic  pencil,  each  of  the  radii  is  a  polar  with  respect  to  each  point  o( 
its  coigDgato;  and  each  point  of  this  latter  line  is  a  pole  with  reapect  to  the 
former. 
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PROBLEMS  I!t  FIELD-WORK. 

Tmt  following  problems  in  field-work  are  arranged  for  BtudeDts,  and  bid 
inteiided  as  a  auggeetioo  to  inatnictora,  who  can  extend  them  to  euit  thu 
needs  of  their  classea. 

Students  should  keep  full,  plain,  and  accurate  notes  of  all  fleld-work. 
These  notes  should  contain  concise  descriptions  of  the  methods  used,  and  the 
'  results  in  plats  or  tabular  form  wheu  practicable. 

Record  should  also  be  made  of  dateSj  names  of  helpers,  nature  of  ground, 
weather,  and  anj  other  circumstauce  which  may  influence  the  accurac;  and 
reliabilitf  of  the  work. 

The  numbers  given  in  parentheaes  in  the  problems  refer  to  articles  in  Sur- 
Tc;ing  and  Leveling. 


1.   Throw  out  and  do  up  a  surveyor's  chain  and  a  atecl  tape.     (21.) 

3.  Estimate  the  lengths  of  several  given  lines,  such  as  the  length  or 
breadth  of  a  building  or  the  distance  between  an;  two  convenient  points. 
Measure  the  same,  and  note  the  discrepancies  between  the  estimates  and  the 
measured  distances.     (18-80). 

8.  Locate  two  points  by  one  of  the  methods  of  determining  the  podtion 
of  points  and  measure  the  distance  between  them.  Destroy  the  points  and 
relocate  them.  Measure  the  distance  between  them  again  and  note  the  re- 
sult.    (S~8.) 

4.  Lay  out  one  hundred  feet,  and  ascertain  b;  repeated  trials  the  number 
of  paces  in  that  distance  at  an  ordinary  natural  walk.  When  this  has  been 
determined  satisfactorily,  pace  oS  a  distance  of  oce  hundred  yards  several 
times  and  assume  the  average  as  the  correct  distance.  Then  measure  oS  the 
one  hundred  yards  with  a  tape,  an4  note  the  error  of  the  average  and  of 
each  separate  estiraate.     (39.) 

5.  Drop  a  pin  from  a  fixed  point  to  the  ground.  Try  it  point  down  and 
head  down,  and  record  in  each  case  the  distance  it  strikes  away  from  the 
true  point  on  the  ground  as  determined  by  a  plumb-bob. 

6.  Measure  with  a  link-chain  the  distance  between  two  designated  points 
which  shall  be  at  least  ten  chains  apart.  Use  only  four  pins  in  this  prob- 
lem, 80  that  there  will  be  at  least  two  tallies.    Measure  from  the  first  to  the 
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second  point,  and  theD  from  the  eecond  to  the  first.  Repeat  these  measure- 
ments, the  head  and  rear  chain-men  changing  positions,  thus  obtaining  four 
results.  Note  the  distance  along  the  line  to  an;  object  of  interest,  M  a 
bridge,  fence,  or  tree,  and  indicate  the  positions  of  the  same  on  the  sketch. 
(18),  (20),  (188),  (189),  (88),  (84.) 

7.  Heasuro  the  distance  between  two  designated  points  with  a  steel  tape. 
Drive  a  stake  at  the  end  of  each  tape  length,  and  also  at  some  even  foot- 
mark on  the  tape.  Hark  each  meaauremBnt  very  carefully  on  the  top  of  the 
■take  with  a  pencil.    Repeat  the  measurement  as  in  Problem  6. 

8.  Measure  a  line  several  chains  in  length  on  sloping  ground,  first  bj 
plumbing  down,  and  then  measuring  directly  along  the  surface.  Compare 
the  results.     (20.) 

9.  Tetting  Chaia  or  Tape.  With  the  chain  or  tape  lying  fiat,  meamre 
the  difference  between  it  and  the  standard,  pulling  to  tensions  of  twelve, 
uxteen,  and  twenty  pounds.  Hold  the  chain  or  tape  over  the  standard  and 
project  its  length  upon  the  standard  by  means  of  plumb  bobs,  and  note  the 
distances  indicated  by  tensions  of  twelve,  sisteeo,  and  twenty  pounds. 

10.  Lay  out  a  line  one  hundred  and  fifty  feet  long,  and  at  one  end  of  it 
erect  a  perpendicular  by  the  method  of  Articles  109  and  110.  Extend  the 
perpendicular  one  hundred  and  fifty  feet.  Heasure  the  hypotenuse  of  the 
triangle  thus  formed  and  compare  the  measured  length  with  the  computed 
value  of  the  hypotenuse  of  the  right-angled  triangle,  whose  base  and  alti- 
tude are  each  one  hundred  and  fifty  feet. 

11.  Erect  a  perpendicular  from  a  given  point  to  a  ^ven  line,  the  point 
being  more  than  one  hundred  feet  away  from  the  given  line.  Test  as  in 
Problem  10.     (lOft-lSO.) 

12.  Lay  out  a  square,  beginning  at  one  angle,  measuring  the  sides  and 
laying  out  the  anglra.  Hake  the  sides  not  less  than  two  chains.  Note  the 
error  of  closure. 

13.  Lay  out  two  parallel  linee;  extend  them  about  five  chuns,  and  teal 
by  measuring  the  perpendicular  distance  between  their  extremities.     (121.) 

14.  Heasure  a  line  one  end  of  which  is  visible  but  Hupposed  to  be  inac- 
cessible, and  afterward  test  the  computed  length  by  measuring  it  directly. 
(149,  150.) 

15.  Prolong  a  line  in  azimuth  and  distance  past  an  imaginary  obetacle — 
first,  by  rectangular  offsets  (ISO),  second,  by  an  equilateral  triangle  (18t). 
Extend  the  rasulting  line  in  each  case  back  over  the  imaginary  obstacle,  and 
note  the  amount  by  which  it  varies  from  the  original  line. 

10.  Locate  two  points  several  hundred  feet  apart  so  that  a  wood  inter- 
venes to  prevent  one  being  visible  from  the  other.  Establish  stakes  at  dia- 
taoces  of  one  hundred  feet  on  the  line  joining  the  two  poiuls.     (142.) 

17.  Lay  off  lines  making  angles  of  lfi°,  80°,  4S°,  60*,  76°,  and  W  from 
ft  given  line  at  a  given  point.     (3S.) 

18.  Locate  'permanently  an  irregular  pentagon  whose  sides  are  about 
three  hundred  feet  in  length.  Measure  all  the  angles  by  the  method  of  Ar- 
ticle 2S.  Measure  the  sides.  Assume  one  side  as  meridian,  and  from  the 
measured  angles  compute  the  corresponding  bearings  of  the  other  sides  and  ■ 
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the  latitude  and  departure  of  each.    Put  the  remilts  in  the  tabular  form  ol 
Article  %iS. 

19.  Measure  the  area  of  the  pentagon  of  Problem  18  b?  perpendiculars 
and  diagonals.     (82-98.) 

COMPASS-  SCBTETIKa. 

20.  Set  up  the  compaas  at  anj  point,  read  and  record  the  decllDation, 
and  take  the  bearings  of  any  four  well-defined  objecte.  Then  chan^  the 
declination  slightly,  record  the  reading,  and  again  take  the  bearings  of  the 
four  points.  Take  four  such  sets  of  readings.  From  each  set  of  be&rings 
thus  obtain^  compute  the  angles  between  the  four  points,  and  compare 
the  results  by  placing  them  in  tabular  form, 

91.  Determine  the  declination  of  the  needle  by  taking  the  hearing  of  an 
established  meridian.     (260.)  , 

32.  Run  out  a  line  of  constant  bearing  for  a  distaucc  of  half  a  mile,  set* 
ting  stakes  every  two  hundred  feet.  Let  the  rodman  pace  the  distajices 
between  the  stations.  Avoid  setting  the  compaas  near  anything  that  would 
be  liable  to  attract  the  needle,  and  take  a  back-sight  whenever  local  attrac- 
tion is  suspected.  After  completing  the  line,  run  back  over  it  agaia  by  the 
reverse  bearing.  The  rodman  will  note  the  discrepancy  at  each  station 
between  the  old  and  the  new  stakes,  and  then  destroy  the  old  stakes. 

28.  Make  a  chain  and  compass  survey  by  progression  (166).  Select  an 
area  bounded  on  one  side  by  the  edge  of  a  bonk  or  by  a  stream,  and  run  ■ 
meander  along  the  same,  choosing  the  stations  so  as  to  inclose  all  of  the 
desired  area.  The  sketch  should  be  drawn  as  nearly  to  scale  as  possible, 
and  should  contain  information  concerning  all  the  features  of  the  ground. 
Put  the  notes  in  tabular  form,  compute  the  latitude  and  departure  of  all  the 
oourses,  and  see  that  they  check.     Make  a  plat  and  calculate  the  area. 

24.  Heaaure  a  line  along  the  surface  of  a  sloping  tract  of  ground.  Meas- 
ure the  slope  with  the  tangent  scale  of  the  compa-ts,  correct  for  the  slope, 
and  test  the  line  by  the  ordinary  method  of  chaining. 

TKABSIT-SURVBrraO. 

95.  Set  up  the  transit  at  any  point,  and  measure  the  angle  between  any 
two  well-defined  objects  by  repeating  the  angle  five  times,  as  described  in 
Article  882.  Read  the  vernier,  and  record  the  reading  after  the  first  and 
last  measurement  of  the  angle.  If,  in  repeating,  the  360°  point  be  passed, 
add  860°  the  required  number  of  times  to  the  last  reading.  Divide  the  sum 
by  five,  and  compare  it  with  the  single  reading  of  the  angle. 

90.  Survey  the  pentagon  of  Problem  18  by  measuring  the  sides  and  inte- 
rior angles.  Calculate  the  beariogs  from  the  same  assumed  meridian,  and 
note  their  agreement  with  those  derived  from  the  chain-survey. 

27.  Run  out  a  square  from  one  comer  and  note  the  error  of  closure. 
Make  the  sides  several  hundred  feet  long. 

38.  Repeat  Problem  15 — to  prolong  a  line  in  azimuth  and  distance,  uaing 
the  transit  to  obtain  the  desired  angles. 

29.  Survey  a  seven-sided  field  by  traversing.     (33S.) 
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SO.  Measure  a  distance  supposed  to  be  inacceasible  (374),  and  afterward 
comp&re  result  with  a  direct  measurement. 

31.  Heaaure  a  line  one  end  of  which  is  suppoaed  to  be  inacceEsible  (878), 
and  tlien  check  the  result  by  direct  mesEureinent. 

83.  Tranertinff  aith  Stadia  MeagaremenU.  Lb;  out  an  irregular  polygon 
with  sides  from  one  hundred  and  flft;  to  two  hundred  and-  fifty  feet  in  length. 
Read  ttic  trnverse  angles  aa  in  Problem  2S,  except  that  in  taking  a  b&ck-sight 
keep  the  telescope  direct  and  change  the  readings  of  the  verniers  bj  180°. 
Read  the  length  of  the  sides  and  the  vertical  angle  tx>th  when  taking  ■  fore- 
^bt  and  when  taking  a  back-sight.  Find  the  corrected  borizontal  distances 
and  differences  of  elevation.     Note  whether  the  algebraic  sum  of  the  latter 

83.  Measure  a  line  supposed  to  be  inaccessible,  and  afterward  check  by 
direct  measurement.     (381.) 

34.  Test  the  adjustments  of  the  transit.     (330-838.) 


8S.  Sight  to  a  level-rod  held  at  a  distance  of  about  two  hundred  feet,  and 
llave  the  rodman  set  the  target  as  directed.  The  rodman  wilt  then  read  the 
rod  and  displace  the  target.  Sight  again  at  the  rod,  again  direct  the  set- 
ting of  the  target,  and  have  the  rodman  record  the  rod  readings.  Repeat 
this  operation  ten  times  and  tabulate  the  results. 

36.  Sight  to  a  speaking-rod  like  Fig.  887,  and  have  the  leveler  read  tha 
rod.  The  rodman  will  read  the  vernier  at  the  side  at  this  same  setting. 
Have  the  rodman  move  the  front  of  the  rod  up  slightly.  Read  the  rod  agvn, 
and  have  the  rodman  note  the  vernier  reading  again.  The  difference  be- 
tween the  rod  readings  by  the  leveler  and  between  the  vernier  readings  should 
be  the  some  in  each  cbhc.  Hake  ten  observations  of  this  kind  and  tabulate 
the  results. 

87.  Run  a  line  of  levels  over  a  series  of  designated  stations,  making  a 
cronplete  circuit  and  cloung  on  the  original  starting-point.  Use  the  third 
form  of  field-notes.     (S40.) 

S8.  Make  a  profile  of  a  designated  line.     (049.) 

89.  Determine  the  radius  of  curvature  of  the  bubble-tube  of  the  level. 
(606.) 

40.  Test  the  adjustments  of  the  level.     (618-628.) 

OENBBAL    PHOBLKHS. 

41.  From  a  point  over  three  hundred  feet  from  a  given  line  let  fall  a 
perpendicular  to  the  line,  using  successively  the  chain  alone,  the  compass, 
and  the  transit,  and  note  the  difference  in  the  results  by  the  three  different 
methods. 

48.  Select  a  point  from  which  a  series  of  points  may  be  seen  in  different 
directions  (such  as  lightning-rods,  edges  of  buildings  or  chimneys,  mnrks 
on  posts  or  trees),  so  that  a  set  of  adjacent  angles  may  be  measured  which 
will  include  the  whole  horizon.    Measure  and  record  these  angles  separately, 
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luing  succcssivelj  the  chaiD  alone,  the  compoiig,  and  the  transit,  and  note 
how  near  the  sum  of  the  aogles  in  ench  of  the  three  methods  equals  C00°. 

43i  Measure  the  height  to  a  window  in  a  building,  treating  it  as  a  line, 
one  end  of  which  is  inaccessible  (Fig.  207).  Let  A.  B  in  that  flgure  be  tb"; 
desired  height,  and  A  C  a  distanci;  measured  out  from  the  building.  Note 
the  point  on  the  building  where  the  line  of  sight  strikes  when  the  telescope 
IS  level.  This  is  the  point  A.  Hcnsuru  the  angle  of  elevation,  A  C  B ;  calcu- 
late the  altitude,  AB;  and  afternnrd  check  the  result  b;  measuring  down 
from  the  window  with  a  tape.  It  is  best  to  have  the  distance  out  approsi- 
matcl;  equal  to  the  height. 

44.  I^adia  Metuuremtntt.  Bet  up  tlic  transit  over  a  point.  Mark  with 
stakes  a  series  of  points  at  distances  varying  from  one  hundred  feet  to  Gve 
hundred  feet  from  the  instrument.  Measure  the  height  of  the  telescope  axis 
above  the  ground.  Measure  the  distances  to  jioints  located  in  the  following 
manner:  Have  the  center  cross-wire  neur  to  the  point  on  the  board  corre- 
sponding to  the  height  of  instrument,  making,  however,  the  lower  wire  coin- 
cide with  an  even  foot.  This  avoids  the  necessity  of  reading  both  wires. 
Read  the  distance,  then  set  center  wire  at  the  exact  height  of  instrument  and 
rend  the  vertical  angle  (page  241).  licducc  the  distance  bj  (848).  Measure 
the  distancea  with  a  steel  ta|M!  and  compare  with  those  given  by  the  stadia. 

43.  Produce  a  line  through  a  building  by  methods  of  (869),  (363),  and 
(366),  using  the  transit,  and  compare  results. 

46.  Measure  a  line  with  tlie  grsdienter  (B41-S45),  and  check  the  result 
by  measuring  the  line  with  a  tape. 

47.  StfercTiee  PoinU.  Im[>ortant  points  on  a  line  should  be  "deter- 
mined" t2)  by  referriug  them  to  points  which  are  reasonably  permanent. 
Then  if  the  point  be  lost  by  the  stake  being  pulled  up,  or  otherwise,  the 
point  can  be  relocated  hy  motfuring  from  the  refeiwnce  points.  Any  of  the 
methods  of  referencing  points  (8-1-5-6-8--0)  may  be  used.  Bometimes  it  is 
best  to  have  im|)ortant  stations  and  their  reference  paints  as  permanent  as 
possible,  but  inconspicuous,  so  that  the  reference  notes  would  be  needed  to 
3nd  the  points.  In  moat  cases  we  may  u«e  marks  on  trees,  rocks,  etc., 
which  are  reasonably  near  and  en  si  ly  found.  These  reference  points  aro 
Bometimes  called  witness  )ioints. 

Itefercnee  a  point  on  a  line  and  destroy  it.  Then  replace  H  from  reference 
points  and  test  the  accuracy  of  the  work. 

A    CODE   OF  fiaXAlJ'   FOR   flURVEyiNO. 
In  moving  the  hand  to  give  some  of  these  signals  a  handkerchief  may  or 
may  not  be  held  in  it,  depending  upon  the  distance,  etc. 

or  THE.  THANSrcHAN  TO  TttE  BODHAS. 

1  "  Hold  lip  Ihe  rod."  Move  the  hand  straight  up  in  front  of  the  face 
to  '.1  full  arm's  length  almve  the  head. 

3.  "  More  the  rod  to  th^  right."  Move  the  right  band  from  the  shoulder 
out  to  the  right. 
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8.  "  Mow  the  rod  to  the  ^ft."  Hove  the  left  hand  from  the  shoulder  uut 
to  the  left. 

4.  "  PlutrJ)  the  rod  to  the  r^ftf."  Extend  the  right  aim  at  full  length 
verticall;  and  move  it  slowt;  to  the  right. 

5.  '' Plumb  the  rod  to  the  Uft."  Extend  the  left  wm  at  full  length  ver- 
tically and  move  it  hIowIj  to  the  left. 

6.  "  Wate  the  rod.''  Extend  the  arm  above  the  head  and  wave  it  ot 
right  angles  to  the  line. 

7.  "Allriffht."     Swing  both  arrna  from  horizontal  to  vertical  position. 
B.  "  Clear  the  line."    Extend  a  handkerchief  above  the  head  and  swing 

it  down  obliquely  two  or  three  times. 

9.  ''Put  in  itation  mark."  Hold  a  twisted  handkerchief  horizontally 
above  the  hend  with  buth  hands. 

10.  •'Separate  your  legg  mare."  Step  to  one  side  of  the  instrument, 
place  your  feet  far  apart,  and  wave  a  handkerchief  in  front  of  them. 

11.  ^^ Bring  up  the  rod."  Face  the  rodman  and  hold  up  a  handkerchief 
extended  to  full  size  with  both  hands. 

la.  "  Lenve  the  rod  in  lijie  and  come  Tiere."  Take  a  handkerchief  in  both 
hands  and  move  it  in  front  of  the  bod;  from  head  to  waist. 

18.  "  Quit  ttK^k."     Swing  a  handkerchief  in  a  circle  at  arm's  length. 

BS  THE  SODMAN  TO  THE  TRAHSITMAK. 

1.  "  The  rod  is  on  the  ttation."  Stand  behind  the  rod,  facing  the  tran> 
git,  and  move  one  hand  up  and  down  the  rod. 

a.  "LiTiethaTodJoraMtation.''  Stand  behind  the  rod  and  facing  the 
transit  and  make  no  notion. 

8.  "  Take  nac  tight.'"     Hold  the  rod  horizontally  above  the  head. 

4.  "Allright."  Same  as  for  transitman.  Several  of  the  transitman's 
signals  may  be  used  by  the  rodman. 

BT  THE  LEVBLER  TO  THE  BODHAN. 

1.   "  Slide  the  target  up."     Swing  the  hand  up. 

a.  "Slide  the  target  daunt."     Swing  the  hand  down. 

Signals  for  "All  right,"  "Plumb  the  rod,"  and  several  others  are  the 
same  as  for  the  transitman. 

Signals  by  the  rodman  to  the  leveler  are  like  those  of  the  rodma^i  to 
the  transitraan,  but  slightly  modified  to  suit  the  conditions. 


A    METHOD    OF    TEACHING    SURVEYINO    TO    LARQE    CLASSES. 


In  an  institution  where  surveying  is  taught  every  year,  and  where  notes 
on  triangulation  and  other  accurate  work  are  aTaiUible,  it  is  advisable  to 
have  a  large  map  of  all  the  territory  necessary  for  the  purpose  of  teaching 
elementary  surveying.  The  most  desirable  location  is  in  the  immediate  vi- 
cinity of  the  institution,  as  all  loss  of  time  in  coming  and  going  is  avoided. 
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Thin  loM  ia  very  considerable  wben  practice  in  Burrejing  ie  scheduled  for  a 
fon  hours  each  d&y. 

The  map  should  be  drawn  to  a  scale  of  thirty  or  forty  feet  i>er  inch  on 
heavy  paper,  which  may  be  shrunk,  and  glued  to  the  top  of  a  lar^  table, 
where  it  can  be  used  for  Heveral  years  without  bt-ing  torn  or  wrinkled- 
Upoa  this  map  are  sketched  in  by  the  instructor  all  of  the  main  ttations 
which  he  intends  to  use  for  the  class  in  hand.  The  old  triangulatinn  sta- 
tions, which  are  accurately  platted,  and  the  new  atations,  which  are  simply 
sketched  in,  should  bo  sufficient  in  number  so  thnt  each  student  may  have 
a  different  aasignment  of  problems  if  it  ia  so  desired.  Each  station  is  ref- 
erenced (Prob.  47),  and  the  reference  notes  arc  recorded  on  a  board  for  the 
use  of  the  students.  Each  student  is  assigned  a  definite  course  or  field  for 
every  problem,  the  assignment  being  made  in  tabular  form  and  posted  for 
the  students. 

A.  portion  of  the  work,  such  as  observing  angles,  taking  bearings,  etc., 
cnn  he  done  by  each  student  alone;  and  he  should  be  encouraged  to  do  as 
much  as  possible  in  this  way.  For  those  problems  for  which  the  student 
needs  assistance  he  must  exchange  work  with  some  of  his  classmates,  fie 
nciMj  have  no  regular  partner  to  wait  on  or  lo  carry  through,  unless  he  pre- 
fers to  do  so.     Each  student  is  Chief  Engineer,  except  when  returning  help. 

The  students  should  be  encouraged  to  outline  their  work,  start  the 
sketches,  and  record  their  witness  points,  on  rainy  days  or  at  odd  times 
when  at  leisure,  and  are  given  the  use  of  the  map  in  any  way  they  cIjoosc 
for  this  purpose.  When  sufficient  work  has  been  done  to  get  reliable  data, 
the  new  stations,  which  have  been  heretofore  only  sketched  in,  may  be 
platted  to  scale,  the  length  of  each  course  can  be  checked  up,  and  the  areas 
can  be  taken  with  a  planimeter.  All  of  these  operations  are  of  great  in- 
terest to  the  student. 

Field  notes  should  be  kept  by  the  student  in  a  special  notebook,  which, 
in  addition  to  the  blank  pages  for  the  student's  own  notes,  coutains  also  a 
complete  set  of  notes  selected  from  the  work  of  preceding  classes,  these 
notes  having  been  copied,  blue-printed,  and  bound  in  with  the  regular 
blank  pages  of  the  ordinary  field  book.  The  purpose  of  these  sample  notes 
is  twofold:  First,  to  show  the  student  what  he  is  to  do;  and  second,  lo 
show  him  how  he  should  keep  the  record.  Pages  from  such  a  field  book 
will  be  given  in  connection  with  these  problems. 

Before  students  ore  sent  into  the  field  they  should  have  done  some  of 
the  regular  teict-book  work. 

The  first  lectures  should  be  concerning  the  field-work.  In  this  way  the 
instructor  can  explain  the  use  of  the  instruments  to  the  whole  class,  thus 
anticipating  the  many  questions  which  would  arise  from  the  different  par- 
ties on  the  campus  when  a  new  class  is  sent  into  the  Geld.  These  class 
lectures  on  the  use  of  instruments  of  various  kinds,  before  the  fitId*work 
begins,  make  it  possible  to  use  the  equipment  of  instruments  to  better 
advantage,  as  the  student  may  begin  with  any  one  of  the  problems  which 
the  instructor  may  select. 
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FIBLD  MOTEB. 


The  method  sometimes  employed  of  keeping  the  original  field  notes  on 
some  scrap  of  paper,  and  of  using  the  field  book  only  bb  a  cop;  to  be  sut- 
mitted  to  the  instructor,  is  not  to  be  cooiniended.  By  using  a  propeil,v 
arranged  field  book  the  student  knows  definitely  what  he  is  to  do.  lie  has 
the  same  general  description  of  the  field  as  has  any  practicing  land  surveyor 
who  surveys  a  farm;  and,  as  the  surveyor  looks  up  the  records  cooceniing 
the  pi-operty  he  is  to  locate,  (iketching  and  noting  on  bis  field  book  all  the 
intormatioii  he  can  fiud  that  will  assist  him  in  bis  work,  so  the  student 
searches  the  mnps  and  rcrorda,  and  prepares  his  book  with  similar  data. 
Thus  the  student's  field  book  is  first  his  copy  of  the  records;  then  natu- 
rtklly  it  becomes  his  observation  book,  his  memorandum  book,  his  calcula- 
tion book,  and  final  reconl.  It  thus  becomes,  indeed,  a  full  report  of  hb 
survey  at  all  stages  of  the  work,  and  is  in  fact,  as  well  as  in  name,  his 
"Field  Notebook." 

The  following  pages  are  taken  from  a  field  bo<ik  nrnnged  for  the  use  of 
students.  The  left-hand  piiges  should  be  ruled  in  vertical  columns  for  the 
records;  nnd  the  right-liaiid  pages  should  be  ruled  in  squares,  bo  that 
sketclies  of  the  work  can  readily  be  made. 

All  the  notes  of  the  work  should  be  kept  in  free-hand  Gothic  letters,  as 
shown  in  the  field-book  jiageB. 

Problems  1  and  2  are  specimens  of  chain  atirreying.  The  buildings, 
trees,  roads,  etc..  are  shown  on  the  map  in  the  instructor's  office.  The  sta- 
tions inclosing  the  area  to  be  surveyed  by  the  student  are  indicutcd  by  (he 
instnictor,  and  the  reference  points  of  the  stations  are  given  to  the  student. 
The  student  then  locates  the  comers  and  proceeds  with  his  survey,  keeping 
his  notes  as  on  pages  424  and  438,  and  making  his  sketch  as  on  piigcs  429 
and  437. 

Problems  S  and  4  are  in  the  use  of  the  compass.  Pull  directions  are 
given  in  the  notes  regarding  the  work  to  be  done. 

Problems  S,  6,  7,  and  8  are  intended  for  practice  in  the  use  of  the  tran- 
sit, and  Problem  9  is  for  practice  with  the  level. 
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1.  Don't  let  the  iiutrumtnt  too  high.  You  m&j  make  it  difficult  to  see 
through  the  tulencnpe,  and  the  iDstrumeDt  ms;  be  easily  tipped  over. 

2.  Don't  praetiee  athletia  on  the  leneling  lereiM.  When  the  screws  turn 
too  hard,  looxea  one  of  tliem  until  they  turn  easily. 

3.  Zhn't  Tvb  the  telexope  Icntet  vttA  your  Jingert.  Use  a  clean  handker- 
chief or  a  pii?ce  ot  cbamois  skin. 

4.  Don't  turn  the  inatnment  hy  the  telaeape.  If  it  should  happen  to  be 
clamped  there  ts  danger  of  throning  it  out  of  adjuBtment. 

5.  J)<m't  Ifan  on  the  tripod  or  allow  any  one  eUe  to  do  to.  It  throws  the 
liutTumeat  out  of  level. 

8.  Don't  plant  the  instTTtment  ai  if  Jif  fteraUy.  It  is  Dot  necessary  to 
force  the  tripod  legs  very  far  into  the  ground. 

7.  Don't  cliaap  the  insti  umeat  tightly  tehen  atrryittg  it.  If  loose,  it  is  let's 
likely  to  he  cjjuiagcd  when  coming  into  contact  with  anything. 

8.  Don't  jmt  the  instrument  on  your  ihoulder  i-t  patting  through  doort 
or  bruth.  Put  the  tripod  under  your  arm,  and  keep  Che  delicate  part  of  the 
instrument  where  you  can  see  it, 

9.  Don't  let  go  of  the  inttrtiTnent  with  ioth  hand*  tehen  vuiereiHng  it 
from  the  tripod.     Tiicre  is  danger  of  its  failing. 

10.  Don't  forget   that  a  Irantit   or  a   level  it   an   apentise  plaything. 
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